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v S. ARMY ENGINEER DIVIISION, NEW ENGLAND
WALPHAM Sli, MASSACHUSETTS

DUAL PURPOSE FTOOD. CONTROL AND-WATER SUPPLY PROJECT
MIDDLE BRANCH, WESTFIELD RIVER
co_mgm'wr RIVER BASIN
MASSACHUSETTS “
NOVEMBER 1961
DESIGN MEMORANDUM NO, VIX
EMBANKMENTS AND ﬁi‘oummxozqs

A. INTRODUGTION

1., Lecation and Descrip‘bim' of’ Pro;]ect., The Littleville

Reserveir Project is 1ocate.d on the Iﬁ.ddle Branch of the Westfield
River within the tewns of Huntington and Chester :l.n western Massa-
chusetts, at the westerly aide of t.he connecticut River’ Basine The
dam site is abeut eme ‘mile upstream of the coni‘luence of the w.dd].e
'B:anch anci the Westfield R.’g.ver and about 2,7 miles north of the |
tm;m of Huntingten. .The completed structure will consist of anm
earth £111 dam and dike and appurtenant st.rﬁ:cturés. .Iacatiom; ar-
éa_r;gement's , and détails of the structures are shown on Plates Nes,
1 and 2, “ |

2, Pertinment Data.

a. - Purpese, Flood Control and Water Sgpply

b, - Drainage Area ab Dam Site, 52,3 scjuare miles
ki



¢. Reservoir Elevationsg HBho

(1) MEXimum Future Water Supply'§001 - 518
(2) _Permanent Poql = 518 |
(3) spiilway Crest - 576
(4) Maximum Surcharge - 591
(5) Tep of Dam - 596
d. Dam.
(1) Maximmm Height - 164 fegt
(2) Iengbh'- 1,360 feet
e. Dike, |
(1) Maximum Height - L6 feet
(2) Length 935 feet

3. General Notes. Programs of subsurface investigatien end
solls engineering studies were uﬁdertaken fer the aeSign of the
Littleville Dam and.Dikeo Subsurface inve$tigations included suba
surface explorations and 1aboratery test programs performed te dem
termine the distribution and characteristics of foundatien and em-
bankment materials and to’ determine seil cenditions pertinent to
excavations and to the design and constructien ef embankmentso
Soils engineering studies9 based on data obtained from ths subsur-
faee investigati@ns, were eonducted to develop safe and economical
earthwerk designs and construction methoeds, and te ebtain pertinent
goils data required for the designs for certain ef the cencrete

gtructures,



B« SUBSURFACE INVESTIGATIONS

he Subsurface ‘Explo"z;étiens; Subsurface explerations were

laid eut and made in conformance with current criteri;. and prace
tices as described in the peﬁ:l.nent seétiox@s ef the Engineering
Manual for Civil Werks 'Cdné'tructién. The majorit«jr of;é-he explor-
atiens were drive sample berings or machine excavated test pits.
The Bubgurface expleratioen pregram completéd te .d'été is considered
adequate fer design purpeses, Additional explorations are in pre-
gress te obbain data fer censtruction centrel fer the': foundatio?n
cut-pff of the dam and for the perwious borrow areas. The 1eg3a-=
tions, .ﬁypes, and general purposes of the explorationa coinpiéfed
prier to August. 1961 are discussed in Design Memorandum NOo v
"Site c_;eo,lpgy. T?Le‘-loeation of subsurface axplorations cempleted
prier'f;o'Nwémhep 1, 1961, are shown on Plates Nes. 39 h, a.nd 5
The geology of the site and area pertainbnt to the bypes and. dis-
tribution of soils is deseribed in Delign Memorandum Neo IV,
"Site Geelogy." |

Se boratcry Tests,

ga. - Géneral. All laboratory testsg except as noted,
were perfemed in accerdance wit.h eurrent standard procedures as
descri})ed in the Engineering Manual for Givil Works Gonstr’uction
a.md other publica'biana of the Gorps of Engineers,' Al]. seil samples
were clasaified visually :in ’Ghe laboratory in eonformanee With tha
Unified Classification System., Grain size ana].yses and detemina«-

tions of Atterberg Limits were performed en selected samples te



confirm visnal classifications and te previde mere precise data
where dé:@sicierad necegs_ary; Specif:’i:.c g'ravities were ‘detéz;mined
for aeiee’oéci saimple$.: Natural mej,sturé ce‘ntents were determined
fer aeleg:ﬁe\c} aampleé of soil,, pérjb;icularly these frem the pre-
posed impeniiets berrew area, h%se mistufe contents were de-
termined fo:n both the total materj,al and for the eomponent pass-
ing the No. L Sieve. Sta,nd;a;d AASHO cempa;st;s.en Tests were per-
formed en sgmples consﬁ.dered repré’g‘;sentative of the ‘p{_’eposéd en-
banknent materials, Natural aensi?ty tests were perf&méd on chunk
samples frem a test pit in t,he bo;frew area selected for imper*vieus
embanlﬂuent n;aterial (Area B) and Qm plug san;ples frem borings in
the dike foqndation.

b. Permeability Tests. Permeabiiit;y teats were per=
fdmed in the laborat,ory on selested sainpleé of embanlah.ént mater-
ials using de-aired water and a falling-head type of test,’ apparatus.
" The pemame{bers were S. 5-1nch dia,;neter Ilucite cylinderso Each

pecimen was prepared so that iis ;Length was equal te or slightly
less 'bhe.n itp diametero Pr’ior to taesting}, ‘each speciman was dem
aired under p vacuum, not. greater than 15 psi. The maximum applied
hydrostatic txead was not- pemitted to exceed ],20 eantimatera and
g_gnergl]y wag on the order ef 60 e;ntimeters, Pameability best.s
were :ﬁérfofméd érx{speciﬁléns prepar;ad at varipus densities in order
to obt_ain-th? relationship of the jjroid ratieb.‘anc_l the c@»éffi,_cient

of pémgabilli‘.ty.for each seil sampie.



e, Shear Tests. The shear strength eharactéristics

of aeleeted seil samples of impervious embankment materials UR«
der the conditiens eutlined in the Engimer’ing Manual for Civil
Works Gonstruction were detemimd fer tb.e fractions of the samples
passing the Ne. k4 3ieve using gpeeimens compacted at mis'bure con-
tenha représentative of antieipated pla@ement mwisture‘gdntents.
" The Standard AASHO'enmpactivn test-curves wWere used in determining
"speeimen densities at the var:i;gua moisture eontents. Speeimens
feor the R (consolidated—undrained) and S (censolﬁ.dated—d;‘ained)
tests Here saturated under vaguurnm prior te testingo All tests were
triaxial compression tests perfermed en 2,8-inch diameter specimens
having m&nimum slenderness raties greater than 2.1.

6o Presenta'{;ion of Data, The results of subsurfaée investi-

gati¢ns, except fcr the geslogical seetions ‘and reeerds of aﬁbanr—
“face'e;piuration35”are“presepted in this memerandum. Ebginegring
soils reporﬁ (engineering logs of soils explefatiéné)iaré pre- .'
sented in Appeﬁdiiiﬁ,. Theése fepert's wgre prépax;e& ferlall perti-
naat exploratiens by the design soilis engineer with the aid ef '
1dboratory test data and the aasistance of an experienced seil
classifier. Ineluded in these reporbs are the deseript&on of the
sqil- and aoils siaratua based on the engineer's exwunatim ef the
sam;alea énd on his intafpretation of all test results and explora«»
t,:Lon data. These degeript,ions imclude the consisten@y of the ma-

terial, estimated er mgsurg&} percentages of the soil- @ompomnts,



eolor, stratification, presence of foreign matter9 geologieal
names, and other data considered te be ef si.gn:i_ficance in det.ermin-
ing the charaeteristics of materials fer design and eenstruction
purposes. Soil preflles fsr the dam and dike embankmﬁnt feunda_
tiens based on these engineering logs are shawn on Plates Nos. 6

Ts 8 and Qs Plates shewmng«selected laboratorg test regults are
inoluded in this @morandm. A summary ef laberatﬁw téét results
is presented in Appendix A, Detailed shear test data are pre-
sented in ipPendik Be

Co GHARACTERISTICS OF EMBANKMENT FOUNDATION SOIIS

Te nistribut,ion and Deseﬁpﬁ@ﬂ o: I{aterials. '

T Dam

(1) Left Abutmento

| (a) The fsundatien of the left abutmnt N
the dam iu eovared with a relatively thin man&le of averburdena
Tha bedrack surfaee9 beneath thia mantle is very irregular censist-
ing of saw-tooth ridgea and tmougha eriented in & ngrth-scuth di-
rectien and therefore the overburden thieknesé varies abruptly and
frequently. Upstream nf the axis of the dam the average thickness
of overburden is about 12 feet with an ebserved range of from O te
22 feet, Duwmatream frem the axias the overhnwden is thinners
averqging aboutr9 feet in thiekness with an ebserved ra?ge of from
0 to.12 feet. Numercuﬂ'largé Soulderé are scatiered ov;r the sur-

face of the abutment area,



{b) The overbuvdeﬁ on the left abutment ef the
dam censist principally of a glacial sutwash depesit capped by
abeut a foot ef to§5911 and forest debris, AL the higher elevations
on this'abutments there ié glacial +4i11 wﬁich éccuré‘in scaﬁtered
discentinyous pockeﬁs underlying varyihg depths of eubwaéh-materials.
There are numerous cebbles and beulders ir the overbﬁrdén on this
abutmeﬁt,'many of which are highly weathered. Haﬁérials'te a depth
of L feet aréflaése as a result of fr&st action,

.(c) The eutwash materi#lé censist principally
of variable reughly stratified mndéwately cempact te cempact brewn
gravelly siléy sand (SP-SM and SM) and silty sandy'gréyél,(GPwGM
and GMj having silt centents ranging from'IS_te 30 peréent of the
cemponent paésing thsTNo,”h_Sieve.‘ In placesstphgpe:argmlgxers
from 1 te 3 feg@\?hi@k_of‘géndy siit.(mmj and gilty fine'samd (sM)
having silt #opteptg_gf”ﬁrg@ 25 te 50 percen& scowTing between
the,tepseii and the outwash mﬁteriéléol The élaeial-till consists
of unstratified cempact gray b?vwm tq gray gravel;yléiltf sapd
(SM) with occa?ional pﬁases ef silty sgniy gravel (GM). ‘Gravel
centents of ohe t111 generally range frem 10 be 30 percent and silt
centents generally range ffqm 20 te Lo pércent of the cempenent

passing the No, L Sieve,

{2) vValley Section and Right Abutment.
(2) In the valley botbtem there are extensive
S A o
exposures eof bedreck downStr?am ef the axis ef the dam., Upstream,

however, as much as 55 feet *f everburden covers the rock im the



valley bottem while on the right abutment it is cevered by frem
4O te sver 100 feet ef overburden. AS op the left abutment; the
bedreck'surface is very irregular having & ridge and treugh tex-
ture oriented in a nerth~seuth direction., The greund surface is
semawhat‘bouldery with mumercus largé beulders present in the
river bed and en the surface ef the right abutment at the higher
elevation. A portien of the everburden in the terrace en ﬁhe
right abutment west of the East River Ra?d has be;ﬁ eﬁeavated to
obtain gravelly maperial lsaving & pit.‘

(b) The everburden in the valley bottenm and
en the right abutment censists of glacial bill and glasial oute
wash deposits capped with about a foot ot topsoil except in the
river bed and the ares eof previeus exeavntiona. The till over-
lies the bedreck te the west of a northwest-seutheast line thriugh
Statien 8450 en the axis ef the dam. Bast of this 1ina, tpe‘till
is absenrt and the pédrock is eVerlaip by the eutwash materials,
West of this line, the outwash materigls cover the glacisl $ill
pgﬂgppths of from ;O'to%SQ_fget, Materials to a'depth efuapggpuhw
fgaﬁtare locse as a result of freel, actien, |

(¢) The glacial gutwash materiala oaniat of
reughly strati:ied modgratgly.@ompaet %o gompact brawn.silpy sandy
gravel (GP-GM and GM), gravelly ail‘ﬁy sond (SP-SM and SM), sandy
gravel (G?)9 and iéilated pockets and lepses ef sandy’sil# (ML).
Seme of the siltier materials conmtain silt laminae, The 811t con-

tents of the eutwash materials are generally belbw 30‘perpent of



the cempsneﬁt passing the Ne, L Sieve, In the valley bettem abeut
half of the eutwash materials have silt eontents belew 15 percent
‘of the cqmpanent passing the No, I Bieve., These materials centain
numerous cebbles and boulders ef which many are highlyEweathéreq..;m
The presence of theée wedthered stones is believed to be the reasen ..
for"thejaépegrénce of*numéfous‘miea-particles in seme of-the samples
from this depesit. In mch of the areas‘there is a layer of frem 1
te 3 feet of sandy silt (ML) and silty fine sand (SBQ ¢entaining
from 25 te 50 percent silt occurring between the top soil and the
eutwash materials,

| (d) The glacial till censists of unstratified
cempact generally gray gravelly Silty sand.(SM) and graéelly sandy
silt (ML) with cobbles and boulders. The gravel con£egts range
frem 10 te 30 percent, im general. Silt contents generally raﬁge
frem 30 te 50 percent of the.eempenent rassing the Ne., L gieve al=
theugh there are accagional small pockets ef material having silt
conﬁents as low as 15 pércent ef the cempeonent passing the Ne. ﬁ‘
8ieve which are scattered £hreugheut the déposit. There is Seme
evidence that there is a zone of silty san&y gravel (GPEGM) at the
base of the till depesit immediately abeve the bedrack surface in
which the silt centents range fram 15 te 30 psrcent ef the cempenent
pessing the Ne. h Sieve. While it is deubtful that this relatively
pervieus zene is continuous beneath the entire till depesit, there
is a pessibility that it may be se through the da?rﬁeuhdation area

aleng the eastern edge of tﬁe deposit.



(e) Stiff sandy clay sccurs at the lecatiens
of ber.:‘i.ngs FD-55 and FD=17 en the right abubment of the dam, At
FD-55, the clay is 6 inches thick whilg at FD-17 it is abeut 1 feet
thick. The gbsence ef reports of clay in the ether borings indi-
cates that thesé samples represent eitlie:: two iselated clay peckets
or & narrew sitratmn extending upstream of the axis of the dam be
tween Sta, 6+50 and 7+50. Censervative embankment desi;én practice
indicates the -advis;aﬁility of con_sid{ering the latter ﬁe:ssibility
te be the case., | "

 d. Dike,

. gl) Bedrock in the dike feundatien area is relatively
shallew at the fight abutment but dreps rapidly and is céve:ﬁed with
mere thamn 50 feet of overburden to thEe left (east) of Sta. 25+00,
The character e.{:‘ the bedrock surface l;ﬁ.s essentially the same as that
in the dam foundation described absve, The everburden censists of
glacial till blanketing mest of the bedreck suﬁface and highly vari-
able glacial eutwash materials Wermﬁg mich of the ti11, The till
censists of unstratified compact to very compapt generally gray
gravelly silty sand (SM) containing less them 30 percent gravel and
having silt conténts varying frem 30 tq L5 percent ef the cempenent
passing the Ne. L Sieve. The till eontégains numerous éebfbles and
'bouldérs. The ou@wash 'consisbs; of threé general types ef materials,
The predominant ty;pé censists of reughly strétifiqd compact brown
varisble siliy sa#;'ly gravel (GP<0M-and G?{I) and:gra_‘,jrelly-‘ silty sand
(SB-SM and S}Ef[) having 8ilt contents ranging fr'om.;LO to 30Apez-°cent of

10



the compenent passing the No, L Sieve, At the ground surface be-
tween Sta. 25f00 and 27+00, there is a zone, frem 5 to 10 feet thick,
of unstratifiéd loose te moderately compact brown soil having grada-
tien charactefistics similar to those of the glacial t¥ill. Te tﬁe
llaft (east) of Sta, 23+50 at depths ef fwem 20 teo 30 feet there is
a zene averaging 20 feet in thickmess eof very conpact highly stra-
tified gray silty fine sand (SM) eentaining from 25 te 50 percent
silt, This zone containg.oecasional laminae and strata of sandy
silt (ML) and is interbedded te some extent with strata éf the pre-
dominant type of material discussed above, The outwash in the dike
feundatien centainsg numerous cobﬁles and beulders gome‘of which are
highly weathered, The surface of the dike feundation area is
cevered by topseil to an average depth of less than 1 foét. In
places, the topsoil is underlain by abeut 1 foot of sandy silt (ML)
and silty fine éand (SM).centaining frem 25 to 50 pereeﬁt silt,

8; Shear Streggt@s.‘ No shear tests were performed on samples
of embankment foundation soils. On the basis of experience with
similer seils, it is estimated thet the outwash materisls in the
feun&atioﬁg have undiatgfbed shear strength parameters averaging
¢= 30 degrees and e-orfor=both the R (consolidated—undfaineq) and
8 (aensolidated—drainéd) conditiens, Fer purpese of desién,whew-
dvér, it is considereé advisable te select a range of ¢ values for
theae materials which would sover the effects ef their variability.
It is considered that a range of from 25 te 30 degrees would provide

e reasonable and conservative basis for stability studies., The

il



shear strengths of the surficial layers of sandy silt (1|¥IL) and silty
fine sand (SM) have not Beeh.esbimated in as much as thése layers
wiii be required to be removed as part of the feundaﬁioﬁ stripping
operation, It is estimated that the undisturbed shear strengths ef
the glacialutill mat.eria'ls in the embankment feundatlons are at
least equal to those of the i1l materials selected for the imper-
vious sections of the embankments after their placement in the em-
bankments. The clay occurring in the foundation of the right abute
ment of thé dam is estimated to have a shear strength of from 1 to
2 tons per 8q, fool.,

P Permeabiii@yu Pérmeability tests were not perfermed on

samples of embankménﬁ foundgtion goils, On the basis of visual ex-
aminatiens ef samples, grain-sisze distributlon curves and the re-
sults of tests on saxhplég of the borrew materiai,s,, the permeability

coefficients are estimated to be as followss

Material _ KV _{KH
T | on/se¢c &y
Glacial. T41l 0.1 x 1074 y i
Pervious Zenes in Till 1,0 te 10'x 107 9
Glacial Outwash (Dam) 1.0 te 100 x 10~L 9
Glacial Qutwash (Dike)
a, Predominant Type L
and Till-like Phase 0ol to 20 x 107" 9
b, Highly Stratified ‘
Phase | 1 to 10 x 10°B 25

In the foundation of the dam; permeabilities of the outwash ma-
terials in the valley bottem generally fall within the upper half
of the range givén above while those of the eutﬁrash materials in

the abutments generally fall within the lewer portion of the range,

12



10. Censolidatien - Consolidation tests were not performed

on samples of embankment foundation soils, The cempressibility
characteristics and generally high natural densities of these ma-
terials are such that_litﬁle or no settlements of the foundatiens
are anticipated under the propesed embankment leadings;

D, CHARACTERISTICS OF EQUNDATION:BEBROGK

1l. Bedrock Foundation for Embankments,.

Bedrock at the site consists of a sgfies;af thin-bedded,
steeply dipping mica schists, quartz schist or qﬁaitgite, and
hormblende schigt. The mica schists which are eomp?éed largely
of sericite and bietite micas are lecally graphitie; foliated,
seft to moderately hard and range in texbure froﬁ fine to cearse=
grained, The quartz schists er quartzites are véry hard and dur-
abie, fine-grained, poerly te fairly well foliated and are com~
posed predominantiy ef'qnartz with fingly diaéeminated‘mica. The
hornblendelsehists are very dark gray té blaék, generally fine-
grained and include thin beds and irregular'pods;ef limestone,
The depths éf'tha bédrock.surfaee belew the ground surface in the
feundation areas are diséusséd in Paragraph 7, above°

The trend of the bedrock structure is ﬁery uni formly
nerth-south er essentially parallel te the .river channel threugh
the dam foundation and all the beds dip westward at approximately
70°, Differgntial weathering caused by the variation in relative
hardness of thé\vaiioué beds has résuited in éﬂvéfy ﬁrohinantly

ridged and treughed surface. The relatively thin ribs and'ridges
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commonly project 3 to 5 feet above the bottenm ef the adjacent nar-
row treughs and variations of as much as B{to 10 feet‘may be ex-
pected; Removal of lﬁase blecks and slebs from the ribs and exca-
vétién of weathered material in the treoughs will tend to accentuate
furthgr the overall roughness of the natural reck surface. Weather-
ing eof the bedrock al@ng'closely-spaced open foliation planes and
joints,ié comﬁon to depﬁhs of 2 to 5 feet and locally the clese=-
jointed and bﬁaken9 weathered zenes extend te depths of 15 faet or
more , ) :

12, Excavated Bedragk Surfaces and Bedrock Feundations fer

Goncrete:Structﬂrqso

Feundation grades fer cencrete structures will be lecated
on seund reck belew zenes of close jeinting er severe weathering, _
The very irregular ridge and treugh bedreck surface may require mere
than uauai foundatien preparatien in seme areas inclu&ing.remeval of
narrow protruding rock ribs and.perhaps cencrete £ill in the deeper
traughq to obtain a practical construction foundatien surface, -R@u
cently completed explefat;aﬁs aleng the alignment for the water sup-
ply cenduit indicate that a deep treugh in the reck éurfaee extends
appreximately 200 feet aleng thé conduit near the centerline of the
dam., The reck surface in this area is generally below the crown ef
the conduit on the river side and because of close-jeinting and
weathering aiong a short reach of the cenduit, suitable rock fer
féundatién may not be aﬁéilable down teo or even éiightly'below design
foundation grédeo Side Slépes of structure excavations in rock will

be controlled te a great extent by the orientation of the excavations
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in relation to hhe bedrock structure. On the eﬁstern or up-~dip
side of excavations, the side slopes will tend to conform te the
natural @leavage rlanes of the reck which are approximately 3 ver-
tical en 1 horizonta%. 0@ the western or dewn«éip éide of excava~
tiens the side slope% ﬂili‘bé'fér&‘ragge& and réugh'ﬁhere'cioSe
drilling“and line drilling is reguired. Whefe line drilling er
clese &riIIing is rQQuirgd}.Qonéiderable everbreak caused by fall-
out of leose joint blecks and unsupperted slabs must be antiéipated.
A greuting program is p;anned at the water supply c@ndﬁit aﬁ&lﬁhe
spillﬁé§ weir and drainjhéles in rock‘will be provided és réqﬁired
for relief of pressure at cencrete slabs and walls, Deﬁailed dis-
cussion of bedrock cond%tions in relation te @encrete}structures
and the fleed centrol a@tlet tunnel is includ?d in Dgsign Memoran-
dum Ne, IV, ™Site Geology“ and‘Dasign Mbmgranéum I\Te..i-'\TIII‘9 "De-
tailed Design ef Structéres.“

E. CHARACT#RISTICS OF EMBANKMENT MATERIALS

13, Generalo” Iﬁ'the course of the subsgrfage investigations
for this preject, a 1ar$e deposit of glacial #ill was leocated in
Area B. In view of ths_exﬁeht of this deposit, its proximity ve
the project? and the rejatively impervibua ch§racter of the mater-
1al in it, the design of the embankments was based upon the maximum
feasible utilizatien of material frem this soyrce together with the
maximum practicable utilizatien of material f?om the regquired exca-
vations, Further subsu;faee excavations were made to locate sources

of granular and pervious ﬁypes of material which would be required
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to permit such utilization of the materials from Area B and the
required excavations, The characteristics of the materials se-
lected for use in the embankments are discussed herein.

1h. Impervious Embankment Maverial,

a. General. For the reasons discussed in Paragraph
13, abave, impervious embankment material will be obtained frem
Area B, the location ef which is shewn on Platé No. 1. This area
is located on the top and east slepe ef the'ridge forming the
left abutment for the dike. About one-half ef the area is woeded,
the remainder being cleared pastures. The westérn portien of the
area is traversed by a gravel surfaced town read which will be re-
lecated further to the west te permit use of this area. The
1imits of the berrew area frem whieh,imﬁervious embankment mater-
ial is to be obtained will be established within Area B.

be 'Distributieg and ?escriﬁtiomﬂe?sMhﬁériqlg. The

glacial till in Area B is limited by eutcroﬁs @f'bedrock which are
visible west ef the read in Area B and alaé t@-@h@ east of the read
to the north of tﬁe area, The subsurfaqe expleratian legs indicate
that the reck surface drops sharply to the east of these outqrops
te depths of 100 feet, or more, belew the gréﬁnd surface, The ever-
burden in Area B is cevered with less than 1 feet of topseil and
consists of glacial till of relatively uniform character except feor
. accasional surficial layers of slightly coarser material frem h te
9 feet thick. The soils in this deposit consist principally ef
gravelly silty samd (SM apd SM-SC) and gravelly sandy silt
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(ML and MI=CL) with occasional gravel phases (GM), Ceolor varies
frem grayAbfawn near the surface to gray at lower levels. Gravel
eontents‘vary but are generaily less than 25 percehto. §ilt cen-
tgntp range frem LO te 60 peﬁeent of the_cemponent?passing thc

Neo. I sieve except in the surficial zenes where thgy may be as low
as 30 percent, Seils in the southern half of this:deposit have
generally hiéhef §ilt contents than in the mowrthern half and in-
"ciudeﬁseveral'slightly*plastic'phaséSMhaving'liquid 1imits of

from 19 to 2l and plasticity indices of'froé 1 to 7. The sand
cempenents of the seils in this deposit are‘generally deficient in
coarse sand sizes. Dengities are‘relatively high, réng%ng from
moderately compact teo very compacl except i# the;zone of frost ac~
tion, The deposit centains numereus eobble?land accasionai bouidprs.
Subsurface water levels in Area B generally range f:om 5 to 25 fest
below the greund surface as indicated by eb§ervatioﬁ well readings.
At borings BD-13 and 15, however, artesian #ater levels have been
ebserved at 1.5 and 4.6 feet sbeve the ground surface, respectively.
Th? ebservations indicate that subsurface wéter levels in this ar§a
are subject to seasonal fluctunations,

co Permeability. Permeability tests were performed én

twe samples of soil frem Area B, On the basis of the results ef
these tests, visual exémiﬁation of.all ethsr.samples; and their
grain size characteristics9 it is estimated that‘thé average coeffi-
cient of permeability of compacted impervious embankment material
will be en the order of 0,1 x 107k om/sec., vertically and 0.9 x 107k

om/sec., horizontally.
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de Conselidation. Consqlidation tests were not per-

formed on samples ef impefvious embéhkment material. Experience
with similar materials indicates that this material is of lew cem=-
pressibility whan cmmpacted and that no significant settlements
will eccur in.cempacted £i11s of this material, |

e, Compaction Characteristics. ‘Standard AASHO com-

pactien tests weré performed on twe samples of impervious embank-

ment material from test pit BT-3 in Area B with the follewing re=

sults;
§5§££g Maximum Dry Dengity OptimMJLWater Centent
B-2 '. - 123,1 pef 11,9 percent
B~11 127.3 10,5

Sample B-2 is considered t@ be representative of the bulk
eof the impervious embankment. materlal with respect to gradation
characteristics. Sample B»ll is congidered to be rep;esentative of
the'partion of the impervious embankment material faliing in the
fine} range of gradatien charactefisﬁies, ﬁatural dehsities deter-
mined fer'chunx samples from BT=3 avéraged about 95 percent ef maxi-
mum cempacted é}ensities° Informatiaﬁ from the expleration legs,
however, indicate that atldepths greater than in BT;3, the natural
densities ‘are gppreciably higher and?in places may exceed 100 per-
cent of méximu@ compacted density. Natural water centents ef the
chunk sam%les from BT«2 determined fér'tﬁe compoenent; pa*sing the
Ne. L @ieve av%ragga'between“B”andih percent above qp?iﬁum, Since
the test pit was excavated in rainy weather, it is prébable that
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thess values are in error on the high side., Cemparable natural
water contents of samples frem the bérings'in this area are from
1 te 2 percent lewer than those of the samples frem the test‘pit.
It is anticipated that during eanstruetion the water centents in
the berrow area will range from 1 te 3 percent over ?ptiﬁum'but
after excavation, hauling, and spreading will range from optimmm
te 2 percent ever optimum. |

fo Shearing Characteristics. Sample B-11 frem test

pit BT=3 was seleeted-faf shear testing as being representétive,
with respect to gradation and other physiéal charactéﬁsticss ef
that phase of impervious embankment material having the least shear
strength. Sample B=2 was selected for limited shear pqsﬁing ag bew
ing representative, with rgspect to gradation and othérlphysical
characteriéticg of the bulk of the impervious embaniment material,
Test specimens of B-11 were compacted at optimum wéter content and
optimﬁm plﬁs 2 percent to cerresponding densities on the gempactien
test curves, Test épeeimsns of B=2 were compacted at eptimum plus
2 percent onty. All tgsts were of the contrelled strain type using
rate; of strain of 0,05 inch per minute for the Q (uncenselidated-
undrained) tests, 0.02 inch per minute for the B (censolidated-
undrained) tests, and 0,006 inch per minute for the S (cénsolidateﬁ-
drai#ed) tests, The latter rate of strain was determined frem the
censolidation_characteristics of the test specimens in order te

assure adequate dissipationlof pare pressures during these testis.
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Only Q (uhcqnsolidatedﬁundrainsd) tests were performed on sample
B«2 as it appeared that any significant differences in shear char-
acteristics between it\and‘Ball would be mest evident under this

test conditipno

15. Embanioment Materials fr@p.RegﬁiredlEérth.Eicavatiens.

a.L Genergl;‘ Exclusive.of strippingg'abeut 175,000
cubic yards of earth excavation will be reqﬂiréd for the censtruc-
tion of this project. Since the bulk ef these materiais.will be=
come available at the same tims that the embankments are being cen-
structed, ecenemical censiderstions require that as much ef the eip
cavated materials as practicable shepld be used in the permanent
werk withoul steckpiling. As a relatively wide range of 'seil types
will be obbainéd from these excavations, provisions have been made
to include randpm fill zenes in the embaniment sections in which
these materials may be utilized, As discussed below, cifcumstances
make it pessible to select relatively pervious materials:fer use in
the random fill zone of the dike embankment.

be Distribgtien and Desgriﬁbion of Materials. The
major required eérth excavations fer tﬁis pféjeét include the exca~
vation ef the fou?dation cut=off trench fer the dam; the excavatioen
of the faundabion.drain trenéhes for thé dam and the dike, the exca=-
vation te bedrock on the left abutment of the dam, and the excava-
tion of the spillway chamnel. Mest of these excavations will be
made in'the glacial outwash materiéls described in Paragraph 7,

above, The spillway-emeavation will be yadu“in“materials
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similar to those on the left abutment of the dam, In order to
utilize the excavated materials mest efficiently, the cut-eff trench
will be excavated in twe stages. Inltlally, excavations willlbe
limited to the valley bottem with subsequent sxteniion onte tfle
right abutment in the secend sbage. Materials from the i‘irst stage
cubt=eff trench excavation will be placed in the randem £ill zene eof
the dike embankment se as ﬁe aveid steckpiling, These rﬁaterials
will censist principally of silty sandy gravel (GP=GM and GM) amd
gravelly silty sand (SP-SM and SM) with phases of sandy gravel (GP)
and gravelly sand (SP). (A miner amount qf glacial tilllmay be eb=
tained from the bobtem of the excavatien, bub at this stage, it
will net be used in the embankments.) The silt contents of these
materials are generally less than 20 percent of the compbnent pass-
ing the No. L Sieve and for abeut half of the material;thé silt con-
tents are less than 15 percent of the cempenent passing the No. L
§ieve., With 2 minor amount of selection, therefore, it will be pos-
sible to obtain a rezlative]y pervious type ef randem filil_material
for use in the dike embankment. The materials from the sécond stage
of the cut-eff trench excavatien and the ether ezﬁhavation‘ will be |
mich more variable, including glacial till as 'well as outwash ma-
terial and less pervious tham the materials frem the first stage cut-
off excavation. In sSome instances; the silt contents of these ma-
terials are as high as L0 percenﬁ of the component passing the No, L4
sieve, On the bamis éf economical and practical censiderations,
these materials have been selected for use in the randem fij.l zone of

the dam embankment.
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Cs Rérmeabilityo No permeability tests were performed
en samples of embankment materials from required excavatiens. (?n
ths basis of visual exammations of the samples and their graa.n-
size characteristics9 it is estimated that their coeffieients of

permeabllity when computed are as follows:

K
Material _ c;m%fs o *h/ K,
Material from lst Stage '
" Cut=off Excavation 20 to 100 x 1@”’4 9

Material frem Other Ex- L '
cavations' 0.1 to 100 x 107 9

d, Consolidation., Censolidation tests were not per-
formed on samples of embankment materials from requirgd excavations.
Experience wiﬁh gimilar ﬁaterials indicates that ﬁhey' are of lew
compressibility when cempacted amd that no significant settlements
will eccur in cempacted fills of these materials, Provision will
be made fgr the removal and speiling ef any compressible material
enceuntered in the excavations. | |

&, GCempactioen Gharacteristies. No cempaction tests

were performed on samples of embanlanen‘b materials from required ex-
cavations, On the basis of experienee with simi.lar types of mater-
ials it is estimated that maximum test densities are on the order
of 125 pef and th#t while optimum meisture contents vary, the sen-
sitivity to changes in water coﬁﬁen’s is relativély lew for the

bulk of these mater-iais, In general, it is anticipated that water
contents during plaéement will be within ranges permi.‘btiﬁg adegquate
eenpaction although some ef the materials frem the valley bettem
belew river level may have to be wasted because of excessively high

_meisture contents. o



f, Shear Strgngth° Shear tests were not perfermed
on samples of embankment materials from required excavations. Ex-
perience with similar materials indicates that a wide range of
compacted shear strengths may be expected for these materials in
general, In view of the variability of these materials inm this
respect, the random £ill zone of the dam has been located im the
central portien of the embankment section where the sheér sﬁrength
of the material placed thereim will not be critical, Materials
frem the firstastage,excévation'of the cut-eff trench, which are
te be placed in the dike embankments, will be less variable with
respect te shear strength because of the characteristics ef the
materials being excavetbed ﬁnd becanse some degree of selectien
Will be exsrcised in their excavation and utilization, It is
therefore estimated that while the shear strengths of these mater-
iels will also be variable, their shear strength paramsteré will
be in excess of # = 25 degrees= and c=0 when placed in the randem

f£i1l1 zone of the dike,

g. Degradation During Cempaction. The'presence of
numerous highly ueafhered béﬁlders and cobbles in the depesits
from whigh embankmeﬁt matefiala frem required excavations will be
obtained indicated the pessibility that the gradatien characteris-
tics of these materials might be subject te Sigﬁificant change
during cempaction, Te détefmina the degree to which such degrada-
tien might occur, a series of special tesis were performed on
samples of material typical ef those te be obtained frem the re-

quired excavatiens, The tests comsisted ef the performance ef
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_ ‘mpchanical analysis on the samples before and after the sgmples
had been subjected to the compactive effort of the Standafd AASHO
Compaction Test. The results of these tests show thaﬁ while some
degradation occu?red it was of minor magnitude, the net increase
in the percentag?"ofﬁthe sampléﬂpassing the Ne., 200 @ieve being
less than 2 percent, For purposes of.éesign this amount of degra-
dgﬁion is not copsidered significant. f

16. Embankméh%~Dfaiﬁége‘Materials“and“ﬁravei'Beddigg.”

8. Geﬁgral. Extensive reebnnaissaﬁee?ﬁastﬁé&e'fo.lef
cate sources of gravel bédding and embankment'drﬁinagéymaﬁéfiais
* for use in the iﬁtefﬁél ﬁiék]dééin of the dam embaﬁkment, the
feundation:drainé, and the drainage blankets, P@ﬁential.berrﬁw
sources for aboub two-thir@s of the required quaqtity.of'these ma-
tefials were lecatéd withi% the reserveir area, but no other peten-
tial ﬁarrew sources were found in the vieinity of the project.
Several developed and undevglqped commercial sourges were located
within 15'mile§ of the aaq §i£es however, frem which the remainder
of the material could be ob?ained, In view of thé insufficiént
quantities of available borfew,,' therefere, it is planned to have
the contractor furnish a portion of these materia%s froem approved
seufce30. .. |

b. Sources.

(i) Borrow Squrges.
(a) @énﬁralo Three areas (Areas G, D, and E)

within the reservoir limits were investigated as potential borrow
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sources for embariment dfétinage mterials and gré,vel bedding. TheSe
areas are lecated on Lew i;erréc;es alehé the river from 1/l to 1-1/2
miles upstreanm of the dam site as shm'on.Pla‘be:Noo 1. The maper-.
ials in these terraees consist of sands and gravels over]ymg glacial
$i1l er bedreck at relatively shallow depths, The ter;-aces are
bla,nketed with t.opso:n.l and silt te depths of freom 1 te 6 feet,

(b) Area G. The silt a'ndl 'bepaoil blanket in
Area C is frem 1 te h‘feet f.hieko Depths te bedreck or glaeial
till range frem 12 to 25 feet in generalo The ma‘berials in this area,
bensath the blanket and above the till er ‘bédrock,, e'ohsisﬁ ef roughly
atratified, leese te mmpact,, brewn sandy gravel (GP), silty sandy
gravel (GP-GH) s gravelly allty sand (SP-=SM)9 and s@attered 1onsea of
sandy’ silt (ML) with wea_sioml phases ef si;l.ty sands and_ gravels
in the SM and GM'eatogorieiQo These mtéri#la contain RUMeXeus .‘eob-
bles of which a signifieant uumbe? are highly weathered In. genoral,
gravel eontcnts range frem 30 to 70 percent and silt eon’oen‘hs rango
from 5 to 20 pereen‘b of 'bha eomponent pasaing the Nu. h Qi.cvo., Fer
the bulk of tho.se mateﬂ.ala& hwovers tlhie silt eontenta ars hsa '
'bhan 15 porcent of the eompoaomt- pasaing the Neo L §ieve.. In viow
ef the proaence of waathercd c:obblcs s apeqial tes’os were made 1;0 do-
termins the degree of degradation te whieh materials from ‘bhis soureo
mey be subject during eompae‘biono It was -found that,, in sems’ cqaqs,
cempactien may increase the pertien ef the materials paaaing the

Ne, 200 fieve by as much as 2 percent,
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{c) 'Afea D. The silt and topsoil blanket in
Area Dis from1 to 5 feet thicko Depths mo bedrock or glacial ti;l
range from 5 to'lS feet, The sands and gnavels in this area are
simiiar.£e thoee in Area_co Their distribution9 hnwevers is more
Aef:atic and in a eonsi&erab&e portion of the erea bhe eilt and top—
soil blanket directly overlies glacial tillo Fer thisAreason, the
development of this area as a govermment designated borrow area
for gravel bedding end embankment drainage materiale is not econems
iealxy feasible, It is planned however9 to meke this area avail-
able to the contractor as a gource ef sand and grevel for construc-
tion roadso. I& is possible that limited Quantities of contractor
furnished materials may be dbtainable from this area.

'(d) Area E. The silt-and t0psoil'b1anket in
Area E is from 1 t6 6 feet thipk, Depthn te bedrock or glacial
t111 range from i to over 12 febt. The sande and gravels iq this
area are similar to those in Area C except that their gravel con,
tents are generally highpr and their silt eontents tend to be 1owero

(2) Gommereial Sourceeo

(a) Donovan Brothere,Inc.‘ Denevan{Bfothers,

Incorporated, operatee a processing plant in Huptington at 8 haul
dietance of about 3 miles from the dam siteo Materials for process-
ing are obtained from several pits in the viein;ty ‘of the plant 1n-
cluding the p;t in, the righb abutment of ‘the dam and a pit at the
south end of Area Co Banknrun meterials from tQis source are Simi-
lar to those in Areas c and E exeept that with the company“s present
excavation methods gilt cenments are higher becguse of nomdnal stripu

ping. The plant produces concrete eand and crughed gravel aggregates.
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(b) Bi}l"WiilardS inc.‘ Bill Willard, Incorpo-
rated operates a‘procegsiné blant in.ﬁofthompton at a haui distance
of about 17 miioa from:tho'dam'sito.  Matoria1s for proqeasing are
obtained from a gravel pit in‘Westhampton at a haul distance of
~-gbout 12"mzlsswﬁromrths“damTﬁiteo This" company“s-pit ean furnish
bank-run sands and. graxelﬁ‘wibh;nnmerous oobbloa having;silt con-
tents averaging about 10 percent of the component passing the NoJh
8ieve. Tha plant prodnoos conorete sand and orushed gravel aggre-
éates. | |

(o) shire Sand and Gravel Go, The Haﬁpshiro

Sand and Gravel Gompany oporates a prooeasiqg plant in‘Weathampton f
at a haul distance-of about 12 miles from ‘the' dam sito. Materials
for procoss;ng are obtained fram a sand dopoait near the plant and
a gravel pit adjaoent to that operated hy Bill‘Willard, Incorporated.
Bank-run materials from this source are similar to those from the
Willard Pito | - o
' 3 w Gravel bedding and embaniment drain-
age materials having gravol oontents of from 30 to 70 percent and
silt contents of losa than 15 percent of the oomponent passing the
No. L Sieve can be obtained with a moderate amount of selection
from borrow areas established in Areas C and E; Bank-zrun sands
and gravels having lower silt contents are availobie‘oommorcially
from the Westhampton sources and other undeveloped soufces within

15 miles of the project. -

27



¢, Gradation Specifications.

(1) General, Inveétiggtiof;s of the various
sources of gravel bedding -and einba_nlangnt drainage materials indi-
cate that the following gradation specifications can be satisfied
by natural matefials f'rd;-n. 'either’ borrow soﬁrces :wi‘bhin the reser-
voir or from commercial sources within 15 miles of the projeet.
A8 discussed in Paragfaph‘13g'aboves the embankmenﬁ désigns are
based on the characteristics and availgbilqu of tnesé materials.
The sﬁecificétioﬁs for matérial§ which wi11 act as filters wiil
provide materisls which meet the filter design criteria set forth
iﬁ“the‘Engineering Mhnualrfor Civil Works_donﬁtructigné The fol-
lowing gradation limits for those maberials which are to be abe
tained frﬁm governmgnb‘designated borrow areas will not be in-
serted in the contract specifications, but will be used by field
pefsonnel to edntfol excavabions in these borrc# areés.

(2) Gravel Beddiqgo Gravel bedding material for

use in the embankments and elsewhere on the projecb shall eonsist
of sandy gravel and gravelly sand obtained from borrow excavations
in Areas C and E. Of the portioh of the material pagéing ‘tne‘
3-in¢h‘31éve9 from 25 to 60 percent Bhall ?ass'the‘No; h?Sieve and,
of the component passing the No, L Sieves no more than 15 percent
shall pass the No, 200 Sieve. |

(3) Pervious Fill, Pervious fill material for

use in the internal wick drain of the dam embankment shall cohsist

of gravelly sand or sénﬁy gravel obtained from borrow excavation
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in Areas C and E. Of the component passing the No. h Sieve, no
more than 15 percent shall paés the N00‘200 Sieve, To the gxﬁént
?raéticabiés material containing over 60 percent paséing the No. L
Sieve shall be uae& as pefvioué fill 80 as to conserve material in
these areas sultable for use as gravel beddingo

o (h) Gravel Fill, Gravel fill material for use
in those portions of the foundation drains and the drainage blankets
shall eonsist of sandy gravel furnished by the eontraetor from ap-
proved sources. Of the portion of the material passing the 3=inch
Sieve, fmeHZS to'SO:peréént ghall pass thé Nb. h:Siévég and'of"
the component passzng the Noo L Sieves not rove than 10 percent
shall pass “the No, 200 Sieveo ' | | \ |

(5) Sand Fill, Sand £311 material for use in

drainage blankets and foundation drains shall consist of sand or
graveli& sand‘fugnished by the eontraétor'from.approvsd sources,
Of the porﬁion of the materiai paSsiﬁg the Buineh'Sieve from 50
to 100 percent shall pass the No, 4 Sieve9 and of the component
passing the No, h Sieves no more than 10 percent shall pass the
No, 200 Sieveo

(6)' Gravel Filﬁero Gfavel fiitér métérial

for use in;the filter_zoné éf £he dike.emh§nkmeg£lshall‘éénsist
6f'sandy'gravelffurnished by”the cdﬁtractof‘from appfoved sbﬁrces,
Of the portion of the material passing the 3=inch Sieve, no more
than 80 percent shall pass the 3/h-inch Sieve, £ron 30 to 55 per=-

;
sent shall pass the No. i "Sieve and &t leas} 10 percent shall
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pass the No, 40 Sieve, Of the‘gompdnent passing the No, b Sieve,
no more than 10 percent shall pass the No;.éoo‘Sievé;

(7) OversiZe Stones. Stones having maximum

dimensions greater than 2/3 the thickness of the layer in which
any of the foregoing materials are 4o be placed shall be removed
either at the source of the material or from the fill.

d, Permeab1lity quts, Permeability tests were not

perfarmed on samples of gravel bedding and embankment drainage ma=
terialso On the basis of visual examination of the samples and
their grain size charaeberisticss the following coefficients off
permeability have been estimated°

Hﬁ'_oerial ky; SM/sec ¥,
Pervious Fill 1 to 200 x 1074 L
Gravel ‘Bedding 20 o 300 x' 1074 L
Sand Fill, Gravel Fill, 20 to 100 x 107 ' 4

and Qravel Filter |
6o Shear Gharacteristicse Shear tests were not”peru

formed on samples of gravel beddﬁng and pervious embankment matera
ials, On the basis of experience with similar materials the follow-

“ing shear strength parameters are estimabed as being,conservatives

Material ) : ‘: g Degreeé . o | ég T/SF
Gravel Bedding, Pervious - o
Fill and Sand Fill 30 0
Gravel Fill and Gravel
Filter ‘ 32 0
T >”""f,~» 1 BT g i




170' Rock Fill and Rock Slope Proteetion Materlals. The rock

to be excavated conqists predomina.ntly of several t.ypes oi‘ schist
with minor quartzitq beds and 1oca1 small granitic stringers and
dikes as described eIBewherq hereino The ‘schist 13 vary well foli-
ated and alﬁhough moderateiy hai‘*&' and” generally fresh in sit.u, will
tend 16 break along the foliat,ion @”uring blasting and hapdling to
produce flat, slabby shapes and a high prOportion of micsceous
fines. The:' more quartizitic phases of the schist will prpvide
blocld.é‘r and irregular shapas and will not break down readiJ,;r to
'sma.ll s:l.zes, Because of the relatively' minor quantity of the harder
rocks, control will be required during blasting, handling 5 lstock-
piling é:tnd' placement operations of pl1l the excavated ro;ckf%.'o‘ pre- |
#6rve the suitably graded sizes and to prevent breskdown dnd shate
teriﬁg' of the rack insofa;‘i“a‘.s 'bf?éétiéé‘:‘;le. A bulking fact.d"':f':‘"'lfji‘.
nés been assumed for the rook from the éxcavations bub losses dur-
ing jéiﬁccava'bion, handling andplacemqn‘b will probably largéi? dis-
covnﬁ f.he bulking so that the volume oi‘ suitable rock availab].e .t‘or
rock £411 and rook slope proteotion has been a.ssumed as th.e 1n-S:Ltu
volume of the rock to be excavated. It has been asaumed thgt. J.it.t-le

ox‘ none of the rock from t.he t.gnne‘.!. exoavatior! will be auit#b],e for

use in rock filla. mersize ‘shones’ from t}:;e fill ma‘oeriais will be
used in the rock fi:l_]. and ook alope proteetion layers, Material
required in addition to f.hat obﬁained from required rock. excavations
will" "e obtained from a govermnent designatei Quarry with:l.n the reser-
voir 1imit.s containing the ‘same type of 'rock as the requj.red rock

excavétion areas,
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F, -DESIGN OF EMBANKMENTS

18,. Design Criteria, Current design criteria as sed forth

in the pertinent secbions of the Enginsering Mhnual for Givil'Wbrks
Gonstruction were followed in the d631gn of the emhankments for
this projecto |

19, Materia:s.s* for 'ccnlstmction,

8 Required Earth Exeavation. of the estimated

250 000 0“0 ydse of required earth excavatmon for this project,
abogt 83,000 cu. ydso_will consist of tOpsoilslsilt, and_other
stripping matériql unéﬁitéble for ﬁée'in,tﬁe cénstruéﬁiog_ofthe
embankments, To the exteﬁt féaéiblés the remainiﬁg 167,000 cus y&so
of required earth excavation will be utilized as random embankment
materigl, ‘To a 1arge extents ‘the final quantity of such random ma-
terial placed in the embankment will depend upon the sequence of
cbnstrﬁction:é&opted. On the basia of the construction sequence
discussed in Paragraph 26, belawa it is estimated that about 1h3,
ou, yds. of this material can be placed directly from required earth
excavation. Excess materiala may be used by the contractor for con-
struction £4118 and auxiliary cofferdems or may be wasted.

be Required‘Rook Excavationa It is estimated that

about 106,000 cu, yds. of rock excavation will be’ required for the
construction of this projecto These materiala will be utilized in
the rock £i1ls and the rock slope protection, In view of the neces-

sity for stockpiling most of these materials prior to their uée, the
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general quallty of the rock to be excavateds and the antlcipated
quantitzes of unsuxtable mater1a189 it is estamated that, despite
bulking, the embankment volume of materlals from the reqnirad rock
excavation will not exceed the excavated volume of 106 000 cu, yds.

g; . Barraw Excavationo

(1) Area‘B° Over 2 0009000 cu, yds, of 1mpervious
embankment materiala are availahle from.Area A after stripping
about 859000 o yds. of topsoil and similar nnsuitable surficial
deposits, It is antieipated that losses due to ghrinkage, oversize,
waste, and other causes will not exeeed 10 percent.

| (2) Area Area C. It is estimated that about 170,000
Cu, yds, of sandy gravel and gravelly ‘sand having silt contents of
1ess than 15 percent of the eomponent passing the No, L Sieve can
be obtaiped from Area C. To uncover ‘this material; about 50,000
cle yds, of stripping'wi;l be required o remove the topsoil and
siit blanket'cOVetiﬁg tﬁé depdsito In view of the variaﬁle'charac-
ter of this deposit9 the presenge of 8ilt lenses and oversize stones,
shrinkage and wasteage, it is gnticipated that losses will be about
30 percent and ‘bhat9 therefore9 sbout 120,000 cu. yds. (eﬁbankment
voluma) of material are available from this sourceo

(3) Area E, It is estimated that about 509000 ¢Uo
yds. of sandy gravel and gravelly sand having silt content of less
than 15 percent of the-cpmppnent passing the No, li Sieve can'be‘obu
tained from Area E after étrippi_rig about 20,000 cu. yds. of topsoil
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and silt. Losses due ﬁo oversize stones, silt lenses, shrinkage
and other causes are antiéipatéd te be about 30 percent. Abnut
35,000 cu. yds. (embanlment measure) of materials therefore, are
available from this source. | -

(b) Rock Quarry, It is estimated that over
50,000 eu, yds, of rock £i11 and rock’ s}.ope protection material
of the same character as bhato from ‘the requirad rock excavations :
are avai],able in a govemm_ent designated quarry in the rese;’voir
arone _ A -

(5) Materials Furnished by the contractor, ‘

Gravel f:’x.ll, sand fills gravel ..‘I’:i_‘.!.tve:rgp and selected rip-ra.p will
be furnished by the contraetor from approved sourcesu‘
_d. Materials Usagm A chart showing the proposed

usage of materials from required excavations and borrow excavation

is shown pn Plate Noo 29, Th@ quantities shown are preliminary'

and wil;l. be subject, to modificgtion during final design studies,
20, Selection of Embankmenta Sectionso

a, ngeralo The pmbanlments for the dam and the
dike will be compncfbed earth ,}_i‘ill S“Eructures with ro_ql_:___sIope Pro-
'bection and small downstream ‘-mck*‘f'i-ll toes, This type of cone ‘
strucf,ieﬂ was adOpted as being ‘the most econamical and praetieable
fe:;' tmq project ai‘ter at»udyir;g embankment fq:undation conditiona,
the dﬁ.st:“ibution and characterﬁ;stiea of avai;able embamcment Mt
teriqls s \and constmction aonditionso Typical embanlnnent sections
as d@veIOped by the smdies and analyses diswssed in. this memo-

randpm are shown ‘on Plates Nos, 15 and 16,
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b, Dam. The embankment section selected for the dam
is essentially a homog.eneoﬁs hﬁpéwious fill section _With imper—'
vious“foundétion cutecff s & wick type internal drain ﬁth a‘:;l'lft)_:ci,(—'
zontal drai".riage blanket, rock slope protection; and a sm:all‘ dovn-
étreaﬁ rock fill toe, The section alsoc includes a relative]y
small ra,ndom f:.ll zone in whieh a portion of the required earth
excava'bion may be utilizede :

Go %:;o The embankment section selected for the
dike consists of an‘impewious lf:i,ll zone and a random fill ﬁone
serving as a pefv_ious“ z‘one“witqh an upstrean impervlous fill‘
bianket, -TOck slope'prbt.ectiong and a.dOWﬁStream rock fill toe,
This type of séction' has been selected so as to facilitate utili-
zé.tion of réquire?d éafth excavétion at 'the eaﬂy stages of con-
struction. The randém £111 zone has been designed so that it
may be bl:zil'b&i*r_z advance of the impervious fill if necessary to

Obtain this endo

21, "SloPe Proﬁectiono The upstream embankment slopes will
be subject .’r:.o the aé‘bion of waves up to 3 feeﬁ in heigh‘bo For
this wave height and al on 3 slope, current eriteria require a
minimm thickness of 12 inches of graded riprap c:onsisting of
stones weighing from 8 to 2h0 pounds and averaging 60 poundg, In
ordéf to permit the use of material from required roék excavations
which might not meet this gradation and in order to improve the

stability of the slopes' against reservoir drawdown, a -foot thick
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layer of rock slope protection has been adopted for the upstream
embankrﬁent alopeso In ofdef to pfotect,. thé down__stream embankment
Slopes against ercvs'icnn9 a 2-foot71ayer of rock élope protection
has been adopted; On the upstream slope of the dam between Eleva-
tion 508 and 528, ‘where sustained expoéure to waves on the water
supply reservoir surface will oécurs a 2-foot layer of sélected
riprap of high qﬁqli.ty stone of satisfactory size and gradation
will be placed in the_ surface of the rbck slqpe pr&tecﬁibﬁo

22, Seepé\gé Control.

4a..Dam.l

(1) ‘Se‘epage through Embankment. Seepage through

the dam embankment will be controlled by the arrangement and
chgracteristics of the imﬁervioua and random £ill zones 9 ‘tﬁe in-
teifnal wick drain, the drainage blanket, and the doﬁns‘:trem rock
£ill toe, The ‘Z_Lt‘Jcation of the inte_rﬁal wick drain was determined
on the basié .oi_‘. interéepting Seepage well ﬁithin the emﬁanlqnént
thus préﬁeﬁting the developmént 61" seépaéé ‘preséures which céu;l.d
affect the st.aﬁi],ity of the downstream portion .of the‘ embankment
significantly, The horizontal drainage blanket has ‘been designed
to provide drainaée for the wick drain as w"e_ii as fo:_? 'the”foﬁnda-«
tion. In the valley bottom the drainage blanket #ill include a
-layer of processed -saﬁd sp as to provide additionai drainage
capacity without an exégséive j.ncrease i\.n 'bian_ket " i";.hicknesso The
processed'sand will be @atérial meeting the gradation” specifica-a
tions for fine concrete aggregate,

36



{(2) Seepage through Foundation. Seepage through

the overburden in the_foundafion of the dam émbankment‘wi;l he con-
trolled by the impérvious'foﬁndation cut-off extended to bedrock
or glacial till, the foghaation arain, and the horizontel drainage
blgnkEto Seepage thrﬁugh weathered zoneé.in the bedrock in the
foﬁndation of the dam embankment will be controlled by the‘grbut:
curtain and by those portions of the foundation drain and the hori-
zontél drainage blanket which will be in.ebntact with the bedrock
surface; The foundaﬂion drain and the horizontal drainage
bldnkeﬁ have been designedlto prevent the developmgnﬁ of SBepage
pressures beneath the downstream part of the embankmént resulting
ffbm'seepage byapaséiqg the cut=off through sand seéms in the'glau
ciai tillhdr the grout curtain, The foundation dfain, in addition
to relieving foundation seepage pressures, has also Been dbsignéd
to assist in Garrying'aeépage from the wick drain on the fighb
abutment laterally to the valley bottom thereby feduciﬁg the load
on the drainage blanket, |

| (3) Ségggge‘Quantitieso On the basis of prelimi-

nary flow net stud1339 it‘is'éétimated that seepage from the water
suppiy reservoir throﬁgﬁ ﬁhé dam,will be on thé order of Ooslcofo&oy
of which about O.h ccfos,‘will pass through the foundation bedrock.
For these studies it was assumed that the cosfficient of vertical
per@éability of the i@peb%ibﬁs £411 would be 0;1 ; 106¥ cm/sec and
thé£ the éoeffiéient;of'veftical‘permeaﬁiiity of the foundation
overburden and the upper 10 feet of the foundation bedrock would be
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20 x 1.0"h

cm/sec, The ratio of horizontal to vertical permeaﬁility
was.taken as 9. It was further assumed that the grout curiain.would
be ineffective in reducing the amount of seepage. The estimated
quantity of seepage'is not‘considered sigﬁifiéént'and a more refined
analysis, therqfofeg is considered unnecessary.

be Dikeo

(1) Seepage through Embankment. Seepage through

the dike embankmeﬁt will bé'conbrolled by the arrangement and char-
acteristics of the impervious and random £ill zones, the horizon£31
drainage blanket, the grével filter layer, and the downstream rock
£i11 toe. The random fill materials to be placed in the dike em-
ﬁankment are relétiyely pervious in comparison to the imperviqus
fillhmaterigls. The random £ill zone of the dike, therefore, has
been designgd to‘act as a lafge downstream pervibugzzone which will
intercépt seepage well within the embankment therehy préventing the
development of éeepége pressures which could affect the stability
of the dewnstream slope of the embankment significantly. The drain-
age blanket, gfavql filtéf layer, and.rock fill toe hﬁve been de-

signéd to contral seeﬁége emeréing from the embankment.

(2) Seepggg‘through Foundetion. Seepage through
the foundation of the'aiké émbgnkﬁent ﬁill bé\eontrolied by the up=-
stream impervious blanket and the foundation'drain:sincé depths to
glacial till or bedrock in the foundation are too great for the

practicable construction of a cut=off, The impervious blanket has
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been designed 80 that seepage gradlents through the foundation will
not exneed 10 percent with the reservoir pool at its maximum flood
control 1eve1 and so that seepage gradients through the blanket
will not exceed those‘throqgh its foundation. The blanket will be
-provided*with a Swfoot eover Iayer of spoil for frost proteotlon.
"The foundation -drain has been designed to prevent “the development
of detrimental seepage pressures beneath the downstream portion of
ﬁhe embankment. The horizontal drainage blanket has been provided
prinoipally to carry seepage away from the foundation drain.

Ca Gonﬂtruotion Requirementso In order to assure the

maximum efficiency of the eeepage control features discussed above,
the following conatrﬁotion'requirements will be incorporated in

the contract specifioatione.

(1) Iﬁpervious‘Fills on Bedrock. It will be
specified that all bedrock surfaces upon or against which imper-
vious fill is to be plaoed shali be prepared in such a manner as
to assure; i

| (a)“'The ﬁighteet practicable contact oetween
the fil1l and the bedrock surface. (Breaking down of some of the
narrow, over-hanging bedrook ribs will be reguired to obtain this.)
() Adequate compaction of the fill adjacent
to the bedrock surfaeeo
(c) Proteetion against the migration of fill
materials into joints and similar openings in the bedrock under

seepage forces,
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(2) Foundation Drains and Drainage Blankets on

Bedrqcko It will be 3pecifiéd that #11 bedrock éurfaces‘upon or
against which foundation drains and drainage blankets are to be
placed shall be érepared in such a manner as to assure adequate
drainage of the joints and similar openings in the bedréck'ﬁeneath
thQSe drainage featureso

23. Enbsnkment Stability.

a, General, The embankment sections selected for the
dike and the dam héve béen ahalyzed for stability égéiqst shear
failure using thg method of infinitesiﬁal slices excép; for certain
.special-studieé"in‘whiéh~the wedgé'analysis was usedolaThe design
shear strengths for the impervibus embankment: mater;als were se-
lected on the basis of laboratory shear test results, Design
shear strengths for other embankment materials and the foundation
soils were selected on thg bhagis of experiénse with similar ma-
terials,

b, Conditions Analyzed.

(i) End of Construction. The‘embankments were
analyzed for stability at tﬁe end of construction on theiassumption
that the time re@uired to construct the embankménts would be too
short to permit either cohablidation under the applied gmbankment

loads or the dissipation by drainage of ﬁore preSsures:in the im.-
pervious £ills, Since the conditions of this assumppion are an&ix

logous tb those of the unconsolidated undrained (Q) %hear testy -
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the analyses were méﬁgrusing deéign shear strengths based on this
test condition,

(2) Operating Conditions

(a)u Steéciy Seepége, The embankments were

analyzed for stability under .'t.he éﬁeédy seepage eond:lt,i"ono Since
the internal wick dfain of the dam; the rand_o%a £i1l zone of the
dike, the foundation d::'"ainrs‘9 the drainage biqpkets, and the grout
curtain have been designed to prevent the dev,elomen'b’:df seepage
pore pressures in 1oeaﬁibn5 Where they could affect embankment
stability signi%iééntlys'thése anslyses were made assuming no
Seébage pore pressureso'zneéigﬁ shear strengﬁhs baged on the‘bon@
aqlidatéd-drained (8) and congolidated;ungrained(R) shégr strengths
whidh shear stréngths are conéidered to gévefn thé ulbiméte or long
~ term- stability of the- embankmsnts were used iﬁ t?e analyseso

(b) Partisl Pool, Analysbs yere made of the’
upstrean slopes of the émb?nkmanbs at various poél levels to deter-
mine the pool lavels at whi;sh emﬁanlumént stabllity woﬁid be at a
minimum Design shear strengths for the eonsolidatedmundrained (R)
condition were used for the impervious materials in these analyses,

(¢) Sudden Drawdown. The upstr_eam slopes of

the embankments were analyzed to deternine their stability during
the sudden drawdown of the r‘esarvoir pool using consolidated= |
ungralnéﬁ (R)‘shear_strengthg ‘For the" imgervmous materials. Draw;
downs from maximum pool (éld 591) and spillway crest (El. 576) to
Elev, 510 (8 feet below n6m1 water "supply pool level) lwere can-
sidered as well as drawdown from water supply pool (El. 518) to

outlet invert (El, 432).
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c, Selection of Design Values.

(1) Unit Weights. The random and impervious fi11

materials for the embankments will be compacted with sheepsfoot

qr‘rubber-tired rollerédin‘éécordance with a compactibn specifica~

tion which has been used by this Division in the past for embank-

ments of similar materials, Experience with this specification in-

dicates that the'éensities of the upper layers of f£ills compacted

at moisture contents within the range anticipated for this project

will average abou£ 98 percent of maximum test density while the

densities of the deeper layers will approach 100 percent of maxi-

mum test density. The design unit'weights for the random and im-

pervious fills, tharefore, have been selected on the basis of the

maximim test densities as adjusted to include the weight of the

average stone contents,' The design unit weights.for other eme

banlaent materials have been selected on the basis of experience

with similar materials,

tion soils have been selected on a similar basis,

Unit Weight in Pounds per Cu.Fb.
Dry Moist Saturated Submerged

Rock Fill and Rock Slope
Protection

Gravel Beddihg and
Gravel Filter

Sand Fill, Oravel Fill
and Pervious Fill

Random Fill and Imper-
" vious Fill

Foundation Soils

The deslgn unit weights for the founda-

120

135

120

130
130

W2

132

1ho
240

- 1ho

7

138

5
1ks

78

85

76

83
83



(2) Shear Strengths. The design shear strength

parameters for the impewious‘fills hawve been Selected on the basis
" of the minimm values indica‘bed by thg laboratory shear _tqsts. The
design shear strength parameters for the other embankment fills have
been selected on the basis of conservative interpret.aitioh of exper-
ience with similar materials, In view of the variable nature of
the foundation soils with respect to distribution and physical char-
acteristics, it has been considered advisable to select two sets

of shear strength parameters which would bracket the values esti~
mated on the basis of experience with similar deposite,

" S Condition (DC) R Condition (CU) Q Conddtion (UU)

Mgterial deg'r;es' c,T/F .deg:svees chZSF- deéreea ¢,T/SF
Rock Fill and : ‘ . . 3 Lo
Rogk Slope Protec- Lo 0 - - - -
tion . -

GPavel Bédding and

Gravel Filter 35 0 - - - -
Sand Fill, Gravel

Fill, and Perwvious 30 0 = - - -
Fill

Random Fill, Dike 25 0 25 0 25 0
Impervious Fill 3.5 0 3 0.1 20 141

Fbuﬁd@_tibn Outwash
Soils | 25 to 30 O 25 %o 30 0 - -

do. Sections Analyzed,.
(1) Dam, The upstream portion of the dam embank-
ment ‘.'at,S.tation 9450 was chosen for analysis as being the most critical

on that side of the dam with respect to stability because it combines
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maximam héight with arﬁf. appreciasble depth of foundation soil. The
downstream pbrtions o% the dam at Stations 9¢50 and 8+70 were
chosen for analysis bécause the latter combines a relatively high
ﬁﬁbpe with an apprecisble depth of foundeation soil and the former
has the maximum slope height,

| (2) Dike. The upstream portion of the dike em-
bankment at Station 25+00 and the downstream'portion of the dike
embank@ent at Station 23+65 were selected for analysis as being the
moét cfitical'with respect to analyses because they have the maxi-
mum slope heights and appreciable depths of foundation soils,

| &, Results of’ Embankment Stability Analyseso

(1) The results of the embankment stability analy-
ses:‘are summarized on Plates Nos, 17, 18, and‘lé for the dam and
on Plates Nos. 2l and 25 for the dike. Typical analyses are shown
on Plates Nos. 20 thrdugh 23 and 26 through 28, The}minimum faca
tors df‘safbty agaiﬁét Shear faiiure as detérmined by the gna;&aes
are aé‘follcwss N - R

b ' Minimnm Factor of Safety
Condition AnalyZed ' Bam - D;gp

om——

End of Gonstruction (Downatream -1;66'to 1.85 '_1.83_tq 2005
Slopes) . ' .

Ultimate (Steady Seepé,gé) 1,58 40 1o6 = . =
Downstrean Slopes) ‘ ‘

Partial Pool. e
(Reference o Plate Noao‘ 10,67 to 1,77 1.6k to 1,81
17 & 24 for critical ‘pool ‘
elevations :



Condition Analyzed Conitd gﬁgﬁmmmLEactor 6f §afetI

Dam Dike
Suaden,DrQWdown o ‘
Maximum Pool to Elevaﬁionw510 1.2& L.a1 ta 1.2k
Spillway Crest to Elevation 510 1.30 1.27 0 1,40
Elevation 518 to Elevation 432 1.25 to 1,38 - -

NOTE: Where a range of ¥alues is showng the lower figure represents
théi'ﬁﬁnim factor of safety at the lower 1imit of the design shear
strength range for the foundation soils and the'higher value repre-
gents the minimum factor of safety at the upper liﬁiﬁ of the design
gshear strehgth rénge for the foundation soils,

| (2) The foregoing minimum factors 6f safety are
. considered to be adequate and thg results of the stgbi;ity analyses
indicate that the Selected embankment, sections are safe against
shear failure. -

£, SpecigllStability,Studiasg

(1) Dam at Sta. 13460. The downstream slope of the

dam at Sta, 13+60, in the reach where a 1 on 2 downstream slope is
required, was studied to detefmine if the proposed rock £ill zone
wae of adequate size to maintain stability@ Tt was found that the
se&tion would have an adequate factor bf safety proﬁidedtthat the

rock fill were placed directly on the bedrock surface.

(2) Dam at Sta; 7+20° Ag discusséd_in Paragraph 7,
above, there 1ls a poésibility tﬁat a thin clay stratum occurs at a
depth of about 30 feet in the upstrsam portion of the dam founda-
ﬁion in the vicinity of Sta, 7+20, It is estimated that‘the clay
| U5



has & shear strength of at least 1.0 T/SF, A wedge analysis for
the sudden drpwdown condition was m§de of the upstream part of the
dam enbankment at this location, To simplify computations, it was
assumed that the shear strength parameters for the embankment ma-
terials and ﬁhelfoundatioh soil above the clay éﬁfétﬂm'wéfe equal
to @ = 30 dégraés-épd e = 0, It wag determined that for this case
the minimum féctor'df safety would be 1.61 whicﬁ is considered
adequate particularly in view of the probabllity that the clay stra-
tum is not eoptinuous, | o

ettlements. The foundation and embankment materials for
this project are of tynes which normally exhibit very low compres«
sibiltity. Whlle the clqy in the right abutment of the dam founda=
tion is somewhat more compressible, it ogcurs in a thin layer or
lens and the magnitude ofﬁanf’cﬁnsolidation wouiﬁ’bé‘iefyeéﬁailu
No significant settléments are'therefore anticipated in either the
foundations or the embankments,

25, Removal and Disposal of Unsuitable Mhterials. ALl top-

aoil and other organic surficial, material will be removed from the
embankment foundation areas, together with all surficlal boulders
gnd rock blocks, ;n addition, surficial deposits of silt and silty
fine sand will bé removed, These materials will be spoiled in
deslgnated areas, Boulders and blocks ramoved from the foundation
areas mgy be used in rock fill if practiéable. |

26, Construction Considerations.

8, Dewatering Gonatruction Areas, Dewatering will be

gpecified for all areas in whieh embankmth fill is to be placed
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including the foundation cutwéff trench for the dam and the foun-
dation drain trenches, The dewatering of other cgnstfucﬁion areas
will bé required to the extent necessary to facilitate construc-
tion, Alliexcavations in the embankment foundations, other than
stripping excavations, shall be done in the dry so that the least
practicable amount 6f earth excavation will be spolled benause of
excessive water content resulting from high ground wéter levels,
It is anticipéted that the dewatering of the construction areas
in general will be possible by common methods of construction
drainage including open pumping., In the trench excavations in the
river velley, however, it is anticipated that special mathods‘such

as well pointing or the use of deep wells may be necessary,

b, Rate of Embankment Construction. The lengths of
the dam and dike eﬁbankments and the topography of their founda-
tions are such that embankment construction in partial reaches is
neither practicable nor désirable} It will be specified; there-
fore, that each embankment will be constructed to its full lengthe.
In general; it will be speeified that the top surfaces of all em-
bankment fiils shall be maintained in an approximately horizontal
condition at all times during construction excepﬁ for slight drain-
age slopes, Construction in this manner will pérmit adequate com~
paction of all fill materials thereby preventing the development
of potential planes of weaknasé or variabls permeability within
the embankments.' Exceptibns'to:this requirement. will be made to

allow construction of.the embankment. cofferdam for the dam in
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advancs of the rest of the dam embankment and to permit placgment
of randem £i11 materials in the dike ahead of the other materials,
To the extent reguired Yo avoid stockpiling of excaﬁatgg materials,
exception to this requirement will also be made to ﬁefﬁiﬁ ﬁlace-
ment of limited quantities of random £il1l in the dam.ah@ad of the
rest of the embankmanta -

Co Sequ@neg;of Gonsﬁruetion, In order to agﬁieva?the

maximum utilization of materials from required earph excavations
in the permanent work without stockpiling, the aeéﬁgm@@rof embank-
ment construction for the dam and dike will be more closely
governed by the specificgpions than usual, Thq chief requirement
in this respect will'eali-for the excavation of thé foundatighs
cut-off trench for the dam in the valley bottom and of the founda=-
tion drain brench for the;dike following completion of the water
supply conduit and the diversion of the rivef with the concurfent
placement of the excaveped materials in the rgndom fill zoné of the
dike; A1l other excava%ions shall be coordinated with the construc-
tion of the dam embankmbnt'and the remainder of the dike embankment
80 thaﬁ ths 1east pfacticdbls quantity of excavated material, other
than strippings will be spoilede |
PERMANENT CUT SLQPES

27 Earth Gut 810pes. ‘In general, all permanent earth cut

siopes in the spillway9 intake, and outlset channels will be top-

soiled and seeded for protection against erosion. Rock slope

18



protection, however, will be plaged on those slopes which may be
subject to damage from the actiop of waves or currents and on those
slopes steeper than 1 on 3 which:may be subject to d_amage from run-
off, seepage, or frost action. Permanent earth cuts in .Borrow Area
B will be finished at slopes of 1 on 3, covered with a layer of

atripping material and seeded.

28, Rosk Cut Slopes, The side slopes of the permanent rock
cuts which are ."hhr‘o'ﬁig‘;'sdﬁ%.less than 50 fee t deep v:.a_il'l"be':véry
largely cgntmlled 'by the strongly developgi:f rock s%mctureo Because
of the smooth, steeply dipping follaticn an.d the inherently slippery
character of the sericitic and graphitic schistss deaign slopes of
3 verticail. on 1 horizontal are Planned on ﬁhe easterly or up-dip
side of e;ccavations in rock. This slope gpproximate_s the dip of
the foliation and should assist in nxlnimi’iihg the’ nﬁqié:%-éutting of
the natural m.a;jor slip planes in the rocko "On .'the‘iw'e"s‘térly. or downe
dip side pf excavations and in axoavations which tend to cub more

_directly Pcross the rock structure, side slopes of ls. on 1 will be em-
ployed. Provision will be made’ for rock b_o].-te -where applicable.
Along the crests of ‘nthe-‘cuts it may be ned;esawiih '?;re"a‘a of close
Jointing or weathering to roll hack the s];opea:~"d6 5'r'fiir.ﬁinize‘ fall-cuts
and the overburden will be removed to prov‘lde a lo-foot berm on the
rock. surﬁweo Skfeby mesh +will also be pz?ovided to redv.eq hazard
of fall=outs dur’ing Qonatmctiano o |



H. MTURAL SIOIES

29, Some of the nétural earth slopes in the reservoir area
are sieeper than 1 on 3 and‘subﬁqquently must be considered to be. .
subject to slides during draw=dqwn‘of tﬁe reservolir pogl° For
the most part, such failures would be of Limted extent pc;sizig ro.
serious threat ‘o th§ perménenﬁ work, iife, or propertyo Whére
such failures might be criticalgjthe slopes will be cut back as
much as pbssible and, where necessary, provided with rock slope

protection,
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U Brids mod, GoiPoy :3 s‘ilty n
- m-»i"sarﬁ,”SP”—"ﬂH

| Toray Twpw% GOmp, sraveil-lx_

nef Band, SM
comp.,,silty EH

B ‘
wfeo bies '
Acob"hIea &.,'boulders em'bedded 1;;
. soid.
Decompoaed bedrock :
.Refugal ‘

" “Forest d tg '
~ 'BLack,. Lgose, silfy" (25-35)
sand, 'SM, w/orgarigs
TOrays mhds. COMPyy srgvellr
' .m“ioﬁsmy“jz 1o 29 sand, .
BN, TINL 0,018, o.o%)
‘eqbbles & decompoged rogk

A Top§o§ bedrock

Gray,. Iaose to mod, compe,
© gravelly 18 to"I1 §il 39 to 41
- mefgand, SM, Till, w obh,les,
Do ® 0,015, 0,01k ¢
Top Qf bedrock

D=3 |

.{????,'.‘T“:’f“-' "o
M"W ‘



FD-}

040! = 0,51
005" - 300'

' ®
5

Eleve 53640

.0 - 5‘0' P

5.0t = 740 .
7600 = B.61. .

846"
FDaS
00! =

1.0

D0t =100t

10,07, = 15,0

15.0! = 18,4t

18,4t « 25,01

25.0' = 28,4

'2801“ ® 3301'

33,11 = 390!
3940% w-40,08

Elev. 439.6

1.0t
5,00

40JOt = 1248 .

42.8' = LS00 |
-h‘?:.'&’:.i‘qu::SGu;?"', .

5Q, Tt

Black Topsoil o
Brown, loose, silty (20-30)

 mef sand, SM, w/roots -

Brown,.mod,. comp,, gravelly
22.5i1ky.38 m-f sand, SM.

- Dyg = 0,031

Brown, mod,. comp,., micaceous,. .
silty. (35~h5) sand, SM

Gray brown, mod, comp,., s:l.lty
L2 sand, SM

Top..of bedrock

Brown,. loose, silty (25.35)
fine sand, SM, w/roots

o Brown, loose, silty 12 fine

sand, SP-SM, w/roots &
bQﬂJ.dQMQ Dlﬂ - 0007

. Cabbles. &houlderg emhedded
_.in soil . -

br.olm, compo ,Ssravelly

| (15-451 811ty (15-2

'SM, w/cobbles

Gray, compa,. sandy (25-35)
gravel, GP,. w/nobbles D
Cobbles & hnulders embed.ded
in seil . -

Gray brown, comp, si]’.t
(5-15) sand,y (3@,.1’;0) grave;?,

Gray, v, compe, gravelly 22
ailty 36 .mof: -sand, SH," Tili
w/eobbles

Cobiiles. & bo{ud?rs 3mbedded
in soil . -
Gray,. compo, silty (30-1;0)

—-sand; . SM, Ti
- - Grefy. COMP oy - gravelly' 22
- 8ildy 37 sand, SM, T#ll,
W/Q.Obh1959 Dlo L3 000085

-Gray, Gomp.,.gravelly (BQ-hO)
- aikby (5420) sand, SP-SM -

Grayy: i1y (0-10) ..
B &&5 . gravel, GP ..
- Cobhly Qﬁam ambedded

Top oft gz



Elev. 501.3

0.0' = 0,5
0.5' = 3.0!
3.0' - 150"
15,00 -~ 19,0!
19.0! = 20.0'. .
2040'. = 25,01 .

25,0 - 35,0!

35,01 =~ 40,0

40.01 - 50,01

50,0 ~ 58.47.

5841 ~ 65.0'

7040' = 75.0'

75@9[”! 76,71

76,7t - 85.0t. .
8500‘ - 92.8'

9208'-' 970?'

oo

Topsoil ’

Brown,. loose, silty (30-&0)
n=-f sand, SM

Gray. brcwn, loose tormod,
comp,,..gravelly 32 silty’ 16

. sand, SM, w/cobbles,Djg =

0.043

Gray brown, comp., silt lh
sandy’ L0 grawel, GM, w/cébbles
Brown,. med. comp., silty
(15-25) m-f sand, SM

Gray brown, comp,, silty
(30-h0}. mnf sand, SM, w/co'b-
bles '
Gray brown, comp, to V. Gomp.,
gravelly .6 sandy (m-¥) 38
Silt, ML Till,. w/eobbles -

. DlO = Qe015

G¥ay brown,. comp. s gravelly N
sandy (m-»,fs 43 silt, ML, T
o= 090033

Gray, COMDa s gravelly (0=10)
to.(10<15).. silty (30-40) mef
sand, SM,. Till, w/cobbles. -
Gray, comp, to v. comp,
grgel]y 7 sandy (m-£) 41 .

‘silt, ML, Ti11, w/cobbles,

= 0,0026 '
G%gblss &. houlders embedded

. dnsoil.
Gray, comp., gravelly (10-2@)

eilty. (30-40) m-f sand,. SM,
Ti1l, w/cobbles &. boulders-

Gray,.comp, to v. comps

gravelly 5. silty L7 n-f ‘sand,

. 8M, 7411, H/oobbles

1’10 = 0,0026

Gray, comp. %0 V. comp

gravelly: (20-30) silty {25239)

. Mef sand, SM Till, w/cobbles

Cobbles. &. boulders embedded

in soil..

Gray, comp, to Ve comp. -

gravelly 9 silty 37 m-f -sand,

SM, Till, w/cobbles & boulders,
Q e 000098

Cobbles &. boulders embedded

in soil .

D<5



FD<6 Contirmed

979?' - 1.00‘0' e
10040t = 10010 ...

103,00 10560

T
e

0.5“- 300':

3.0t Ta3!

. EIeV.BIT0
ogT ..

v

15,01 - 20,0!
200" 1-""2-'5';01\
25,0 = 30,00

30,01 - 10.0*

"t:o*ef- ~1r3~o*'_"

43,01 - 51.6¢

60707y 62T

e8I

6803‘,“ 6903‘
693" -

" Grey hrown,. o

4 sana"sn;,‘m

&
A W ,u

Gray,. comp.., . gravelly (25-35)
811ty (S=10). sand,SP-SM”

. Qray,.comp. t0 Ve comp

. gravelly (10-20) . Silﬁ:v (26-30)
... sand, SM, Till, w/cobbles
.. Cobbles & haulders embedded

2 in soil.

Tap .of. Badrock

- Topseil -
TTBrown,. 109535_ gravglly {25-35)

pi
e

Ba?d, S,

“Beown, Loose to mody :co

<18 to 130
f;‘g;ﬁgf %5 s?nd“ ogt w/cobbles

& boilders'

Bouldérs. &. cobBI’éa emI?edded in
seIX " 0 -

6omp. s gravelly
LTy 3T el ‘sand;;’ SM, Till,

Bag = 0,011 |
"'_T;ra#“ﬁrm, 085 COMpoy ghavelly .
g

f 78 Bilt, W, Ti11,
w/aobblgs, Dy = 0.00L9 |
Gray,.- Tiod,. SoMpey Silty (35-1;5)

: m:f“sand‘, SMy TIII
“Gray,. cotp.,. gravelly (25-35)

ity (20‘3&7 Band; SM, Till,

“w/boulders; -

“““““ 5. COMDY 5. graveu 2 9 silty
s W ob_bles &

"*;@omera‘;’iiﬁ 080T .
ey Cons,. pravelly (30-&0)
$1T8y (5] “Eandy ¥P=SH . -

Updy,;comgs, gravﬁ‘.tly 10 81 e

-gand, SW; TIIT; §/cobbles &
. bouldgrs, D., w0L086
¥ OObbLEE & BouI&ers émbedded

in graVe'IIf goLT

- Gray,. Comey grava‘lly (20-30)

silty (15+25) gand, SM, Till,
1ders

W/colbled & to

"‘Bﬁ rs. ered in soil
, Decomposed r
. Probsble- topogf bedrock

D=6



FD"‘B _ . B mévO 53303
Q.O' - 25?"-' 3 , | 'Brawn, 1cose, mq.f sandy

o , (30:h0) =4 lt. m., w/roots
2.2 o 5.0¢ ; ‘ Gray’ |
AT 5 “0*'913 i
5.0t « 6ot 4» ébmpo grav*eliy:rh -
. : »p $H': ‘ail‘by (2?-35) sand," RS
6.5' - 7.’-7' . ' ':Qr;y brawn “mod, com Dog. =«
. P : silty’ (15@25*) ‘sandy (25-35)'- R
o | ol O¥, THIL
TV = 7.0 Brown, mode coipes silty
o . e '(20=3Q) lﬁe-f gand, SM. ‘
ToB' = 130?' ' Boulders' & c:obbles embaddéd
13,9 - 2 %."' insefl’. i ll?"
29Y « B0, ‘Gray brown eonpn grave
w/cobblés & "By ders :
D].O as) 0065, “!'1 b
DA o ﬂ'nﬁ g Y
20,0' = 25,0 “Gray;” comps’ o vo compa, |

ailty (15-25). sarﬂy;,rmo;l&o)
_gmval, G, T411 ve;
0 to (1@=2 ) sil
SM, Till, w/cabh

. 10 g 0"02!" ‘w . - .

h 13,3 R

25.0' » 3042' Gray,. Othpo tp ¥o compo gravelly

ot 15-silty 29 sand, 8M,: Till,
-w/cobbles I}m' = 0°021, W, 6.6

=t 7’07

. 30.2' - 35.6' : : ‘éray, Vo co o p silty 32 Mot
, W - luols ‘Yh - 1ho6
35,0% = 49,00 . . Boulders & Cobibles and
v T - weathered Q9bbles & boulders en= .

ST bedded in seil
oor . Tap of bedr (,:k ,
FD-9 Elev, 557.0 .
0.0t =" 0,51 . : Forest deb
04t = 3u0? o Brown, 1os sssand.v(mwf 39-k5)
o : . silf, ML, w/organice |
3.0' » 5,0t Gray  brown, ‘mod, ¢omp., gravelly
(25-35) silty (15-25) sand, SM,
' - Till; w/cobBles - BT
540t « 10,07 " ' --Gray brown medsaotis, zravelly" iy 5 RV
. ' "i¥p37 sand, SM, Till'w/cobbles i . -

5 7D1‘0 = 0,02, W"n 6023 Wh = 73



FD=9 Conbinmued

1060‘ :

12,7
TS -

2062Y...

- 1267 l‘

= 17,9}
- 200 2"

= 21e2Y .

21,2t

FDe10

Q.0
0481 .

16" .

3.6

10,01

150"

.. 15 0.0.‘. .

16,6 . ...

- Elevs 575.0

0.8t
La6!.

-1G40! "

Gray brown, mod, comp.,

silty 18:.sandy 38 gravel,
GM, Pi11, w/cobbles,
Dyy ® Oo 053 '

wl 10¢2, h = 1.802

' Boulders &.. cobbles. embed-

ded in soil. .
Gray brown, mod. comp,,
gravelly 8 silty 30 m=f

sand, 8M, Till, w/weathered
. roek & . cobblqso By = 0,03,

n 150h Wh L 1607

JGray brown, mod, comp,,
- gravelly. (30=h0) silty

(15-20)..8and, sm, w/weathered
rock

. Top .of bedrock

Topsoil

. Brawn,. loose, silty (25-35)
mef sand, SM, Till

Gray.. hrown, mod. COMp.;
silty. (20=30). m=£. sand SM,
Till, w/cgbbles

. Gray. hrown, mod, comp,y
‘ gravglli_lz to 23 silty
-39 to
. P11, w/cobbles -
Dyg = 0:01,-0:013 Wy = 1241

h = 1500

Gray brown, mod, comp, o
gravelly:17 silby 25 sand,
SM, Till,. W/cobbles

Bl LB 0002)49 bt ]J-l.o
.Gray brown, mog COMpay
gravelly: 35 silty .23 muf
sand, SM, Till, w/weathered
cobhles, Dyq = "0,03k,
W ? 2193

T8p ‘of bedrock

D=8



FD-11 Elev, 604.0

0.0 = 1.2 Topsoil .
1,27 - 3.,0! Brown, loose, silty (20-30)
‘mef sand, SM, Till, w/roots
. 300 - 521 : _Gray brown, loose, gravelly
. T (1030) silty (15=30) m-f
. &and, SM, Till
Be2! Top.of hedrock
FD-12 .. . Elev. L0k

0ol 2,3 T Dark brown, loose, gravelly
. . . {0-10) silty (5-15) m-f sand,
| : SP-SM, w/organics
540! Brown, loose to mod, COMD,,
' silty. (5-15) sandy (35-45)
gravel, GP-GM

2,31

50! = 10,00 . Brown, comp., .Sandy (18) gravel,
_ o . GP w/cebbles, Byy-= 0.51

10,00 20,00 . F0 . OF . Brown, comp,, sandy 37 gravel,
o GP, w/cabbles, Dyg = 0.1k,
o B W= 28,1, Wy = 20,7, G = 2,86
- D0V 25,01 ‘ ‘Brown,. comp., sandy - (267' gravel,
o wew . . GPy w/oohbles, D1y = Ook
25,01..».30.0' .. Brown, comp, t0 Ve comp., 8ilty
o {(}%ﬁ;ﬂiﬁy (35-L5) gravel,
30,0!. - 35.01. qunn: comp. tO Vo COMD,,
, . gravelly (38) silty (12)sand,
_ , SM, Till, w/eobbles ~
35,0 = Lo.or.. " Gray, comp.y silty (8) sandy
~ (38) gravel, GP~GM, w/cobbles,
) o D, = 0l L .
bo.Ot = kB0 .. G%!gy,,.; stiff, gravelly 5 sandy
. - JlisiJét,m.,Dm = 0,0025,
’ L = P =3 ;
4540t = Bha0Y. cobblegf& _boulders embedded

in gravelly soil
Sh.or . - ' Top of bediock

FD-13 Elevs Lh2,8
0.0' - 1.0' TOpSOil

1,0' - 3.7 Dark brown, logse, F. sandy
. (25=35) ..silt,..%L, W/roots

D=9



FD=13 Contimed

3:-7‘- -

540" =
6.2‘ -

Y L

10,0! .=

SeQ!

6.2'.

7.0!

10,01

15.0°

15.0' - 20..0.'

| 20,01 - 25,67

2.0

30

11.0°

48,01

5008 .
¥D-1h

0,0°
0,5°

1.3t

11,9

- 3h00'

- 3900'

- ha 0.01

~"50.8t

= 0,5!
- 13

- 11.9¢

00

Elev, Shé.9

Dark brown, 1noae, gravelly
(5=15). silty (20-30) F,

sand, SM

Dark. brown, .1gose, silty
(20430) m-f sand, SM
Dark brown,. '.Loose silty
(5+15): sandy. (35-45)
gravel, GP-GM

Brown, loose, gravelly 3l
silty:9 sand, SP-SM :
Dyg = 0s091, Wy = 1745,
wh '-_‘;,.2105
Brown; mod. gomp., silty

16 mef gand SM, W, = 26,7

s - 2.7h

Brawn, mod. comp., silty

L0 mef sand, SM, w/occasional
silt strata 1/2%-3%" thick
Brown, mod. dqmp,, silty
(15-75) £, sand, SM

Brown; mod. éompo » Silty

12 sandy LI grave}, GM,
w/botlders & mica’

‘Brown; comp., 3ilty 10 éandy

53 gra:ver?f, GPGH, '1'*11

"brmm comp; , gravelly

'{25-3&1 siity. 135-25) sandy

SM, 1L, Wy a2, Hy, = 1246

Gray brown;™ GQmpo, silty 9
36-grevel GPGM,

“gandy:
w/bouldersy Dy = 0,091,

W = 60?9 wh T 1609
‘B::-own9 comps, “§ilty (5=15)
saridy (20-30) 1'-0 (25"'35)
grayel, GP-GM, w/boulders

- "Top’of bedrock

Topsoll & forest debris

Brown, Ioose, gilty (35<hS5)

F. sand; SM, W/roots

Gray' brow'n, mod, comp, to
comp, ,* gravelly 22 silty

25 gand, SM, w/ctbboles, w/
weathered rock 10,0' to ;I.l 91
Top of bedrock

D-10



ED‘15 Elth h5303

0el' = Oolyt . Topsoil o

Ools? = 142! ‘ Browh, loose, gravelly
, g (5-15) Bilty (20-30) m-f
| sand, SM, w/roots

1.2t = Soot Gray brwnp‘moa-o CoMpP.,

: gravelly L1 silty 13 sand,

SM, w/cobbles '

5.0' = 6527 Gray brown, mod. comp.,

- gravelly (10-20) silty
(15«25) mf sand, SM .

|

- w/éobbles .
642t = 13,67 - Weathered cobbles & boulders
embedded in spil = . "
13,8 = 19,08 = Gray, mod. comps to comp.,
- silty (20-30) m-f sand, SM,

rock .

| Till, w/boulders & weathered
19,00 . Top of bedrogk-® - -

D16 Blev. 10,6

00" =« Ou' Topsoil & forest debris
Doli! = 5,00 Brown, loose, silty (10-20)

m-f sand, SM, w/roots & mica
5.0' = 9,0° Braown, comp., silty 5 sandy

‘26 gravel; GP-GM, w/cobbles
. & boulders 'Dllo = 0,17

9.0' = 10,0! Brown, comp., gravelly (30«40)
| - 8ilty (5-15) sand SP-SM,

_ . w/cobbles e

10,0 = .15,0! : ~ Brown, .comp., gravelly 32 .
- o | 8ilty 13 sénd, SM w/cobbles

- &mice ooy
15.0' = 20.0° Brown, comp., silty (10-20)
. . \ sandy (30-k0) gravel, GM
o w/cobbles & Mica
20,0t - 30,0°! : Brown,;, comp,, ' gravelly (30-40)
A L - 8ilty, (5+15) sand, SP-SM,
c w/cobbles' . . .
3000! - 3590' Dark brmg ,,cqmpo:g: silty J,B
_ RN . sandy 36 gravel, GM, w/cébbles
35,0t - hLo.o! . Gray brown, comp., silty -
| co (5-15) sandy (30-L0) gravel,
a GP=GM, w/cobbles '
4007 5 53,5 Gray brown, comp., silty 7
sandy 3L gravel, GP-GHg _‘
w/cobbles & mica, Dy, & 0,13
Top of bedrock

53b5'
‘Dwll



FDE17"

007 - T.00
10T = 5,07
S.0' = 22,01
22,07 =

29.2"

2921 = 33,81

335 <300
37,0" = 40,0°

hOooﬂ = h?pév
T7.07 = 19,07

hg.q,u - 53.@:

53001 - .561’&‘
- gﬁohf - s,,mt

5700' = §2,57

62,5 - 65,51

65457 = 66:07
66,01 - T0,0!

70,0t

Elev. LT0.0°

Topsoil

- Dark Yprown, loose, gravelly

(25-38)" siIty (5+15) sand,

SP-SH, w/’eob"ble

Brown, mod. cofip, to.comp.,

micaeous silty-11 sandy 33 :

grave}'.g GP-GH, TiJl, w/cobbles,
= 0,07 -

"G%gy brrown, COTR ., gravelly,

{L0) 1o (20-30} silty (18)

-sand; SN, 'i‘i}l w/eobbles,

. Dlosm 003

Gray, stiff, gravelly 6

sandy. 27 clay, CL.w/cobbles,
from. 29,2 fao ;0,0* LL = 38,

P el
- Gray brown, comp., silty

. {PB535) mef ‘sand, SM

TCray brown, modo comp,, silty
(30-50). F. stnd; SM, w/clay
strata hairline t.o 1/8n

~ Gray brown, comp,, gravelly

30 silty’ 22 sand, SM; Till,

| 'W/eobbles & bmx_Iderq, ‘

5 = 0:025 o

ray. brown,,. to v. compey
grave“.IIy "'('5%1‘5?[3511 ty (10-20)
sahd,. SM; TiIT, w/‘cqbb}.és &
“bgulders

. G tay browp, comp, gravelly 42,

ty. 1} sand;-SP-SM; Till,

' w}’eo“hbies & boﬂ.&ers, -
‘Dm = 0,068°

. Gray broun,. comp,, #ilty (10-20)
sanay {30=40} gravel, GM, Till,
w/cobbles & ‘boﬁI&eJrs o
Gray, compe %9 vo "&omp
gravelly,(20=30 silty ( 15-25)
 sand, SM; TITL w/cobbles
"Uo*b‘b‘.[es ezﬁbe&deci in soil

. Gray,.comp. %0 ¥. comp
‘ ‘grave:}.lynﬁ

| USM, THLL, @ab?}es— S
Dy =585

2 siTE§ 28 ?andg

Gray. brown,” v,eomp, s Siley
“{25=387 sanql,, :
Gray. brown, cdmp. 4@ Vecomp.,
grayelly (10-20) silty 2&:30
sénd, SM,. w/cobbleq & boulders
Top i0of bedrock !

D12



FD-18

0,0!
Ouhy?
1.1!

2,91

FD-19 .

0,0°

1.6

5.0

8aT1

1L.68.

FD=20
0.0!

0e5¢.

3.0!

10.0%

- 15,0¢

20,07

= 0oyt

Elev. 545.4

- lnlt.

- 2491

0F. - 0.51

- 1.6¢

= 5,08

- Balt

- 11L.6!

0.5t

- 6&1’
~1gs0r
= 20,0t

‘- 42205’

220‘5% & hOoO'

3,00

E16v. 4351

. D= 2405
" Brown, mod, comp., gravelly
{20530}, 'silty (1020) m-f

Topsoil

Brown, loose, silty (35-45)
F. sand, SM, w/roots '
Gray brown,.loose, gravelly
(5-15) silty. (20-30) sand,
SM u/weathered rock

Top.of  bedrock

Topsoil

Brown, loose, gravelly
(5=1%) silty. (30=L40) mef
sand, SM, w/roots & organics
Gray .brawn, comp.y silty 13
sandy I3 gravel, GM, w

. cobbles

Gray brown, comp., gravelly
(30-h0) silty (15=25) sand,
SM, w/cobbles & boulders
Cray bram, comp., gravelly
21 silty lf; sand, SM, & weatheregd
rock i :

Top of bedrock

Topsoil & forest debris

Dark brown, loose, silty

(15=25) m=f sand, SM

w/roots & organics

Brown, mod. Gomp., sandy

(25=35) gravel, GP, w/boulders

Gray brown, comp.; gravelly

2L, silty 15 send, SM w/cobbles

Gray brown, med. comp., gravelly

L0 silty 1h. se#d, SM, w/cobbles,
‘ maabhl§S~-&-.mea----- .

Lt
v

Baﬁd;"hmkwfcbbbrés ; Boulders

* Gray. brown,. comg., sandy (20-30)

gravel, GP* . .
Gray brown, Gomp., silty 8-6
sandy 25-26. gravel, GP-GM, v/
cobbles & houlleys & oscasional
miﬁango = 0.,13_; ."'0016

D=13



FD=20 Continuned -

40,0 = trr.'jf -

B3
FD-21

0.0!

087

00"
0.6

v

5,07

745!

T

s e

- 0.0!

o
1.8'

337

50!

FD=2l
0.0t
OJhyt

" 300

4

-

Elev, 56L.7
0.817
Elev, 510.7
‘067
L
Bar
By

114!

“Elév, 558,27

Ooly!

3.37
B0
12 ;S-*
.F;’Iie“v". h68 oli
Qe

307

Ty

Gray. brown, _gomp.. , silty 5

sandy [0 to (20-30) gravel,
TP, w/cobbles & mica

Din = 0.16
T%gpf bedrock

Forgst debris

" "Top” of bedrock

TForest deébris & Topsoil
Brown,.loose, silty (25-35)
Fo sand,.SM w/roots & cobbles
Brawn, mod, eomp., silty,
( 25;3‘3'}1'1i3=f"5and§ SM w/roots
& cobbles S

Gray brown, comp., gravelly
{IC+20): 58i1lty (20-30) saig,

SM, w/cobbles
Weathered rock
Top of bedrock

Topsofl N
‘Brown,. Loose, silty (25-35)

m-f sand;, SM, w/roots
Gragy.brown, loose gravel; '
{5=15). 811ty (20=30) m-f sand,
SM, w/édbbles - N
 Gray, mod. GOmD., Siy'-y (25«35)
sang,, SM, w/weathered rock

Tragments
Wea%llnxgr'e'd' rock
Top’pf bedrock

o

“Topsoil & forest debris
“Darkbrown, ‘loose, grayelly
(20=30) "silty (15<25) 'sand,

CUSM, w/rgots T v T
Dark brtwn, mod, comp., sandy
(10=20) gravel, QP

D-1L



¥D-2li Contimed
500' - 1109'

11.0¢ ..-..15,91 .
15,0' = 20,0t

20,0! - 25,0¢

0T < soso

.“mgbibj -WSSZUT

5500' - 6500'
8507 = ThBT
The8T = 8347
FD=25 - Blev. 533k
0.0t - 0STT
0s7% = 1457
‘:'i'.5' = T3

R OUERR

942

.. Gray brown, mod. comp,, gravelly

(10-20). silty. (15225) sand, SM
w/eobbles & boulders -

Gray brown, mod. comp,, gravelly
32, silty 8 m-f sand, SP-SM,
/éobbms & boulders, Dyy = 009
Gray brown, mod, .comp., silty
(5-15) sandy (35-L5) gravel; .
GPGM, w/cobbles & boulders
Gray. brcwn, comp., silty 19
sandy 38 gravel, Gl{,j 'I'ill

i 3. & bhoulder:

Gray brown, comp. Qg vol COMMps 5
gravelly 15 silty hli: mef sand,
BN T, wﬁe@ﬁs}e& & Bmzlders

) D10 Q‘% W = ﬂ;,?s 1103’

e .*~

‘ Browng @omp.; nfieq.ceous,

B ST 4 Wy, §I5.0, 12,& 12,3

Gray,, cgmps U Vo COmMpo,

sgravelly. (10=20) silty (35-&5)
- mef. sand, SH, Ti]l

Gray, comps to v, qeﬁpo s sil’c,y

. "31 sandy mef 33 gravel, GM,.- .
T3, DI 9;09&,4&‘ qﬁ-lgr.lj :
-Hﬁ R 1 g

Gray . COMPe.- 30 ¥, c?ﬂxp, gravelly
é}I{&%}Iﬂgﬁy (35-15) mot-said,

Gragr Mpo. HO Vo compa silty
(35-&5) w-f sand, §M, T11

B s & cobbles embedd?d
in goil. |

‘Top’ of bedrock

' ‘Toxﬁsqﬂ S
“Bridwh,. loose, gravplly (10-20)

silty (20307 ma.q sand; SM,
w/roots

G¥ay brown, comp., _graval];v
19 'sflty 18 s,and9 SM, Ti11 -
w/cobbleas o Q.OM& .

s{lty (30=40
TiTL, w/weat

m-ni sand, SM,"

ered rock frag-

ments & vbek! fragments -
of bedrock

nl



FD=26

0,0t

Ouit.

lolt.

32!

501

- Ooh'

E N 5

= 302s

- 5«9'

Elev, 553n8

- 19.5 .

19.5'. .

FD=27

0.0?
0.7

3.8
5.0!

K ’ 903'

1040

- 0,7¢
b 3.§'

5.0"
- B°§'

1

- 1.2

k!

- '500'

& ""9.3

= 30.0°

1.§'

" Elev, 505,6

Elsev. 479.9

- -'900";

Forest debris .
Brown, loose, gravelly
(10=20). silty (20-30) mef
sand;. 8M, Till, w/roots
Gray, brown, mod. comp.,
silty (20-30) sand, SM,
Tiid :

Gray brown, comp. to v,
comp.., micaceous gravelly
(30-40) =ilty (15-25) sand,
SM, Till, w/cobbles

Gray brown, comp., gravelly
28 .silty 19 sand, SM, Till,
w/some weathered rock from
15,07 = 19,97, Dy = 0.035
Top of bedrock

Topsoil

Boulders & Cobbles embedded

in soil - ]

Gray brown, silty (20-30)

sand, SM, Till, w/cobbles

Gray brown, comp., gravelly
19 silty 33- sand, SM; Till,

- Weathered rock

Top of bedrock

Brown, loose, sandy (¥.20-30)
silt, ML, w/cobbles _
Brown, comp., . silty (5-15)
gray: 5$g§iﬁgsgor%§?:§éiaggiel¥
29 silty 22 gand, SM, Till,
D = 00032

0¥y, comps, silty (15-25)
m-f sandy (25-35) gravel, GM,
Till

Weathered rock fragments

Top of bedrock

D=l6 .



FD=29
040"
0.t
2.9
Lot
7.0t
12.0°
16.8¢
17,0t
21.0!

. 22,05¢

FD=30

. 040!
1,01

g

5.0t

9.0t

21,0!

Lo.ot

ot
2.9

L1t

700!

12,0t

4'-" 16.8'

Ele‘V. h9909

= 17,01,

21.0!

- 1._0'
3,01

- 540!
- 9,07

21,.0!

22§05‘

Elev, 502 ol

- hoo_o L

- 60,0'

Topsoil

Brown, mod., comp., silty
(30-40) m-f sand, SM,
W/roots, cobbles "% boulders
Brown,, mod, Comp., sSandy
(fo 30-40) silt, ML,
w/roots & organics

Gray brown,, COMPas 4 gravelly
38 silty 15 sand, SH, Till,
w/cobbles

Gray brown, comp,, gravelly
(10=20) sil (15=25) sand,
SM, Till, w, /zeathered boul~
ders from 9,3'=12,0¢
Boulders & cobbles enbedded
in soil

Brown, comp, silty (5=15)
sandy (15=253 gravel, GP-GM,
Till

Boulders & cobbles embedded
in soil ‘

Brown, comp,, silty (15=25)
sandy (25:.35) gravel, GM,
Till

. 'Top of bgdroek |

Topsoil & forest debris
Brown, loose, silty (5-»15)
)i T i $and9 SP“’SM -
Brown, comp., gravelly 23

811ty 12 mef sand, SM

Brown, comp. to ve comp,
gravelly (20»30) to’ (35—&5)
silty (5-15) m=f sand,

- SP.SM, w/cobbles
: Gray brown, comp., gravelly

35 ‘silty (15=25) to 26 sand,

SM; Till w/cobbles,

Did = 0,021;

Gray, comp. bo Vo COMpa,
gravelly (10-20) to (15=.25 )
silty (35=45) m=f sand,

SM, Till, w/cobbles

Gray, comp. L0 Ve cCOMpo,
gravelly 19 silty L3 m-f
sand, SM, Till, w/cobbles
& 't:ml'k,ders‘9 DlO = (0,003

Del?



FD=-30 Continued

6040' = 75,0 Gray, comp. to ve comp.,
‘ gravelly (15-25) to (10=-20)
silty (35-45) m-f sand,
Ti1l, w/cobbles

T5.00 « 76,21 Gray brown, comp. to v, comp,,
" silty (30-40) f, sand, SM,
Till - . .
76,2 = 82,01 ‘Gray brown, comp, L0 V. Comp.,

~ gravelly 15 silty 25 sand,
. - SM, Till, w/cobbles & boulders
DlO = 0,017 :
82,01 TOp of bedrock

FD-31 Elev. S0L.hL

1.0! Top of forest debris
5.0! Brown, mod, comp., gravelly
(10=20) silty (20-30) sand,
SM w/roots o
5.0! = 15,0! Brown, mod, comp., silty 6
‘sandy'lly gravel, GP-GM,
Dig = Oold
20,0 Brown, mod, comp., gravelly
(10-20) silty (5=-15) sand,
‘ SP=5SM , '
25,01 Gray brown, comp,, gravelly
(15=25) silty (1B«25) sand,
N SM, TAl1 . .
25,0t = 30,0 Gray brown, comp., gravelly
(35=h5) silty (20-30) sand,
SM, Till, w/boulders
30.0' = 38,97 Gray, comp. 10 Vo COMp.,
' gravelly 2} silty L5 sand,
SM, Till, w/cobbles &
‘ boulders DlO = 0,0022
3849 « Ll,0t Gray, comps t0 Vo Comp.,
C _ silty! (35-45) sand, SM.
Tii1 ’ .

0.0t
1.0t

15,01

20,0!

bl 0t = 16,9t Gray, comp. t0 V. ¢omp.,

IR silty, clayey (L0=50) sand,
SM-SC, Ti1l

h6.9% - 57,01 : Gray, comp. to v, comp,,

gravelly (15=25) to 11 silty,
clayey L6 sand SM-SC, Till,
w/cobbles, Dy = Bo0025
IDL 83'2-33 PI b h

D18



FD=31L Continued

!57,;0{

75.0t

8L.01
88,01
91,0

96 5"

97.0°
FD-32
0,0

3.0!

50t

FD=33

0,0¢
06!

1.2t

2ol

hoT

- ?50(?3
- 8’-'--0'
- 8800'
o 9100'
- ?605'

~ 9740

Elev, U53.h4.

bt ‘3‘0:0_"

- 5,0t

Elev, h62 o0

ol 006'
- La2!

- 2,1@!

- ho?' |

Gray, comp, 10 Ve compe,
‘gravelly (10-20) to 22
811ty clayey 38 sand,
SM=SC, Till, w/cobbles
Gray, compe. t0 v, COmp.,
gravelly (10=20) to
(15-25) silty (35-h5) to
(30-40),.sand, SM, Till,
w/cobbles S
Gray, compe t0. Ve COMpoy
5ilty, (5<15) sandy. ‘ '
(30-L0) gravel, GP-GM,
Till, w/cobbles ,
Gray brown, comp. to v,
compe; gravelly (25=35)
gilty (25-35) sand, SM,
T{11, w/cobbles -~
Gray, comp, to Vo compe,
silty 6' sandy (30440)" to 23

, ‘gravel, GP-GM, Till, 'w/cob=
bles Dy w061l s

Brown, compe 10 V. COMp.,
gravelly 10 silty kb m-f
sand, SM, Dy, = 0,015

-eTPb: of bedrock .

. . )

' Br&mg | mojd_o coﬁipo 9 éiity

((}g.qs-'n%) sandy (30-h0) gravel,

Gray brown, comp, t0 V. comp.,
silty (20-30) sand, SM,
w/weathered rcck fpggments
Top of bedrock -

Topsoil D

Red brown, loose silty (5=15)
sandy 30=l0 gravel, GP-GM
Brown, mod., comp., sandy
(30=40) gravel, GP w/cobbles
Weathered rock mixed w/soil
Top:of bedrock o

D=19



FD-3L

007
0.8t

2610
FD=35

0,0°
0,81

2.1

5,00

640"
15.1&'

17.2¢

19461

FDau36

0401
0.5¢

‘3‘3r

'h.o'

10,1%

FDw37

8481

040
0.8"

PPy ARE
3.1t

8 0

Elev. S57he7

0.81
2.1

Elev. 557 ° 8

081
24l

5,01
6,0%

15.4¢
17.2¢

1961

ElQVo uh363

05
303’

L.00
10.1¢

Emsv. hhz 4

o?t
3
8,81

Topsoil ‘
Brown, loose, f, sandy
{25.35) silt ML, w/roots

. Top of ‘bedrock

Topsoil & forest débris
Cray!brown, loose, silty
(30=0) m<f sand, SM

.. W/roots

Gray brown, ‘comp., gr’a"Velly
22 sﬂ.ty 20 sand, SM

Gray comp., ‘gravelly
(30mﬂo) silty (15-25) sand,

Boulders & cobbles embedded
in seil

Gray brown, v.coOmp., gravelly
(25«35) silty (15=25) sand,

Weathered rock fragments
w/silty mef sand, SM

' Top of bedrock

!

Topsoil ‘
Brown, ldose, silty (36)=h0)
Lo sand, SM, w/roots

‘Gray browm, comp., micaceous

silty (1,5-25) £, sand, SM'
Gray brown, comp,, silty 7
sandy 37 gravel, GP-GM,
w/cobbles,, 10 = 0,13

Top' of bedroek

Topaoil - '
Brown, ldosge, silty' (30=-h0)

¥, =and, SM, w/roots

Brown, Ioose, micaceous,
811ty (30=1i0) ¥. sand, SM

- Brown, comp, to v, comp,
- silty 6 sandy L6 gravel, -

GP-LM, D, . = 0,13

’Tog of begr*oek
D=20



FD-38

FD-39

FD=40

Elev. 598.6
040t = Ot
Oulst = . 2,5t
2.51 - 5,7(5'
50.9"-" 609"'
649"

“ .Ele.v; hﬁ)..l
0.0t - Out
070,4-' 26'4'

Q.ht 5,@1
5'.0'. - 843

803' 'l;‘ 10.0'
10.0' = 13,5

135"

""'"'w.ir-‘.":"' - Elev, h8700
000' had 0_03,"
0,3 - 1.7
1,7 = 5.0' .
590' - 700'

. j'?_.‘d"- - BT
ﬂo?'

* sandy (30

- Popsoil & forest debris
Brown, mode comp., 8ilty
(30-40) £, sand, SM,
w/roots

Gray brown, comp., Silty
(25=35) m-f sand, SM,
w/weathered rock: fragmnts _
.fl"dm 303' to 510' B
Weathered rock & rock frag-
men‘as \

Tap of ,_b.e'drock

| Topsoil

loose, gravelly
(Bo18) sidey’ (30-k0)
£, sand, SM, w/roots
Brown, 0omp,, silty (5-18)
aandy, (30-![.0) gravel, GP-OM
Brovn, comp., gravélly 39
silty 12 agnd, SP-SH, |
Dlo - 0007

brmm eomp. s ravelly

"(25-35) silty (15-2 ) mef

andy SM !
Gray birown, Ve comp., gravelly
12' silty L0 mef sand, SN,

Dl@ - 00019

T°p of ‘bedrock:

'ropaoil & foreat dabr:l.q
Brown, looss, -silty ‘(30-40)
m-f sand, SM, w/koots
Brown, comﬁ - gilty ( q].S)
gravel, GP-GH,
w/cobbles =
Brown, ON; 5 a.velly
(2o~30) silty (10-20) aand,
8M, w/cobbles ., .
Brown, comp. to V.. comp.,
grayelly {10-20) -silty
{15+25) sand, SM, w/weathered
rock. fragments
'I?op of’ Bedrock

. D21



FD-l1~

20!
Qolﬂ

1.5

5.0t

126
FD-h3
0,01

2,Q!

3t

FD=l};
o.o'

03"

1.8¢

5081

Elev, 557.6

Ooli? Topgoil & forest debris
1.51\ Brbwns loose, sendy

' ° {#. 30-40) s:th ML,

w/boots
2,51 Gray brown, mod, comp,
- gravelly (10=20) silty

| %(20=30) m-f sand, SM
540! . Weathered rock

i_mqp of bedrock
BT r,;x

g
4

Elevs 555.0

0,71 Topsoil
2,67 .xBrgwns loose, gravell:
(10-20) sandy (%, 30=ﬂ6)
_ silt, ML
5.0t Brown, mod. comp., gravelly
' (2o-=-3o) silty (25-35) mef
sand, SM, Till
12,61 Brown, cnmp. o Ve comp.,

gravelly 32 silty .2l sanﬁ,SH
Till DlO = 00029

Top of bedrock

" l' , ‘ '

i

E_lev.o 5?’406

;.0' Topsoil
3l 'Gray ‘brown, cgmp,, micaceous
' gravelly (10-20) silty
(20-30) sand,' SM'
Top of bedrock
Jleve 529.9 ,
003 - Forest debris
1.8¢ Topsoil IR
5,81 Brown, loose, gravelly 29
o silty 21 sand, SM, Till,
waobbles & decomposed cob-
bles, D 10 s 0,041
12,0! Gray browh, mod, comp.,
| dravelly i silty 15 sand,

SM; Till, w/cobbles & mica,
Dy ™ 0,05

Da22



FDahil; Continued

12,01 = 17.9! Gray browh, loose, silty
(10-20) sandy (25~35) gravel,
B GM, Till, w/cobbles & mica

17.9! = 25,0t Gray, comp, to V. compe,

| gravelly 2l silty 48 sand,

_ SMwSC, Till, w/cobbles,

’ Dyy = 0,003, 1L = 2k, PI = §
, 25,01 «~ 36,0 . Gray, comp. - t0.v. comp.,
. - gravelly 30 silty 35 sand,
. 1 8My Ti11, w/cobbles Dy, = 0,006
36,0' = L42,6! . ’Grairﬁ compe %0 Ve COMps, Silty

. (30-h0) sand, SM, Till, w/cob-
. ‘ . 'bles S T D, .
426" - 47,8 Gray, comps t0 Ve GOMpey
: gravelly (25-35) silty (15«25)
sand, SM, Till, w/cobbles &
‘ boulders :
L7,81 Top of bedrock .
: o P
FDLS Elev, 575.3 '
0.0' - 0.3' TQpBOi:l S T
06! = 1,7 Brown, loosé, silty (30~40)
: f. sand, SN, w/roots
17" = Lo0? - Gray, comp., gravelly (10-20)
11ty (25=35) m-f sand, SM
Lo0? gop of bedroek
FDb6 | Eleve 5889 |
040! = 043! | Toppoil -
0y3' = 241!, Dark brown, comp., gravelly

(L0=20) silty (20=30) mef sand,
SM, w/roots, orgatics & cobbles
2,1 - TP Brown, compe t0 v, Gomp.,
! gravelly 22 silty 28 sand, SM,
w/mica & cobbles, Dyy = 0.025
TeOt = 10,0! Gray brown, ¢omp. to V. comp.,
: + gravelly (10-20) silty (20a30)
m-f sandj§ SM, w/mica,
‘ Dy = 040kl -
10,0' = 15,01 Gray brown, comp. t0 V. COmpo,
stratified gravelly L0 silty
18 m~f sand, SM; w/mica,
Dy = 000h1 : |

D=23



FD=li6 Continued
15,0 = 19:0°

19,01 = 24,3¢

21[»03-‘ - 3’}05'

3h05' - J—I»Oo?'

10,7
FD«LT | ’ Elev, ‘56003
0.0t = OM?
o = 22t
‘ 2 02 LI 8 00 ¥
8,01 =

20,0!

200! = 21,81

21,81 = 30,0

30,0t = 36,0t
36??0' - 3706'

3706' ad hloé'

Gray brown, comps t0 V. COmp.,
gravelly 9 m-f 'sandy L1 silt,
ML, w/silt layers to 1", -

D 0,009 ‘

B m, COMPey HO Ve GOMPo,
gravelly 25 silty 20 sand, SM,
w/cobbles, Dig = 0,033 .

Gray brown, compe t6 v comp.
silty 9 sandy 35 %o (20-30)
gravel, (GP=GM, w/cobbles,
D 2 00082 }

10 T OO _ _

Gray, compo 10 ¥, GOmp.,
gravelly 37 silty 21 sand,

' S8M, w/cobbles Dyq = 0.0l

R?fusal

Topsoil

Brown, mod. comp. to comp.,
gravelly (0-10) to (5=15)
silty (25-35) m-f sand, SM,
w/roots S

Brown, . comp, 10 V. COMpey
silty 10 sandy L3 to (30-40)
gravel, GP-GM, w/cobbles &
boulders Dyq = 0,073

Brown, comp,, gravelly 20
silty 19 sand, SM, w/cobbles
& bo’uld@rs Dlo ’i OQOh :
Brown, comp,, gravelly
(10-20)si1ty (30=L0) mof gand,
SM, w/cobbles & btoulders . -
Gray brown to gray, comp.

£0 v, comp,, gravelly 20. .
silty 32 m-f sand, SM, w/eob
bles & boulders, Dy, = 0.026
Gray, v. comp., silty (25=50)

£o sand, SM, w/silt laminae,.
gobbles & boulders L

- Gray, ¥o comp., silty (515
- sandy (15-25) gravel, GP-GM

w/cobbles

Gray, ¥,comp., gravelly
(15-25) silty (20=30) mef
sand, SM _ :

D=2l



FD=47 Continued
h1.6t - 43.0' Gray, VeCOmpos sandy (fine)
1O Silt, ML, Dy, © 0,023

L340 = 50401
: ' silty (25=50) f. sand, SM
and gravelly' (15-25) s:.lt.y
(20-30) m=f sand, SM in

1 to 2 foob strata w/cobbles
from h7.h to L9.0

50,0t Bottom of exploration
FD-U8 Elev, 559.2
00" = 1,57 Brown, loose, silty (30-40)
fo Sand SM.
1,51 = 2,1t Brown, loose ‘gravelly
' (10-20) szlty (25=35) mef
sand, SM:
2.1 - 11,3t Browmn & gray, ldose to mode
comps, gravelly (25=35) to
19 silty 29 m=f sand, SN,
w/cobbless Dig = 00025
11,3 « 11,8¢ Brown, v.comp., silty (25-50)
| ‘ £, sand,; .SM
11,.8! Top of bedirock
FD-)J9 Elev, 593-0
0.0V 0BT Topsgoil
Dabt = 2,3t Brown, loose, gravelly (10-20)
silty (25-35) sand, SM, W
: roots
2s31 = Lyt Brown, COmp., gravelly 1%
: silty 28 sand, SM, D, = 0,023,
holit = 6.0¢ Gray brown, comp., aﬂt
. (15=25) mmf sand, SM, w/cob-
bles & boulders
Brown; loose, slightly miaa-

600' - '701'
: ceous, 8ilty (20=30) m-f
sand, Sngw/%mxlders :

Brown mod, Gomp., gravelly
(30=ho) silty (15m25) m-f sand,
SM, w/cobbles

Br’owng mod, comp., grayelly

26 silty 19 sand, SM, V/cobbles .

Pip = 0o

7o1t = 10,5

1005' bl -1605'

D25

- Gray,; Ve cOmpe, stratified, ....... ..



FD-19 Continued

16,5t = 19.1! Gray brown, comp, 4O Ve COMD.,
slightly stratified silty L8 T,
sand SM, Dy ='0,02

19,1 Top of bedrock

FD=50 Elev, 5648
0.0t = 2,5¢ : Forest debris & "hopsoil
251 = 5,0¢ Brown, comp,, gravelly

(10-20) silty (25-35) sand,
' SM, w/roots & organics
5,0V = 10,0} Gray  brown, ¢omps, silty 10
‘ sandy 31 gravel, GP=GM,.
, Ti1l, w/cobbles D,. = 0.0Th
100t « 23,01 Gray brown, comp, %8 Vo GOMPoy
gravelly lf; silty 35 sand,

SMD Tills DlO g’ 00019

23.,0' = 30,0¢ Gray brown, comp, t0 Vo CONMDa,
‘gravelly 27 silty 33 sand,
-SM, 1411, w/cobbles, Dy =
_00017 . ’
30,0 = L40.0? Gray brown, comp, to Vo COMD.,
) gravelly (15-25) to (20-30)
, silty (25-35) sand, SM, Till
40,0 = 5hL.9? | Gray, comp, to Vo COMps,
gravelly ¢ silty (35=-E5) to
50 mef sand, SM, Till, w/cob-
leg & boulders, 910 = 0,003

Sl 9t Top' of bedrock
FD-S}, Elev, 5 !{-6 o 6
350! = 1,0 - Topsodl - o
1,0 = 2,68 Brown, loose, silty (20<30)
- mef sand, SM
2,6 = 10,0! Brown, loose, to mod. compo,

gravelly 7 silty 4O m-f
sand, SM & gravelly {15-25)
silty (20-30) m=f sand, SM
w/cobbles, Till, Dy, = 0,01L

10,0' = 16.0! Dark brown, comp., gravelly
20 silty 15 sand, SM, w/boul-
ders &.cobblegy Tilly.

16,0' = 200! ‘Brown, V.Comp., gravelly -
(15-28) ailty (20-30) sand, SM
w/copbles; Titl

D26



FD-51 Continued
20,0' = 3040°

3h,.1t

30,0!

3halt = 3h5r

3ha5" T
FD=52 Eleve 533.7

0,0! = 0.7}

0.7" = 2.7

32??5 = 500'

5.0' - 602'

6.2' - 800'

8,0' = 1,0!

10" = 240!

2h00' - 26-%“

27.3 = 30,0
30,0t = 31,70

31,7t - 33.4!

Brown, Y. COmMp., gravelly 26
silty 1k sand, SM, w/¢obbles
& boulders, Till, Dyg ™ 0o 059

Brown, v. comp,, gravelly 9
silty 33 sand, SH, w/cobbles,

“Welthered vouk
Top of bedrcek

Topsoil
Browpg loose to mod, eompo ’
silty (25-3%) f. sand, SM,

w/roots

Gray brown, mq:d. comp., silty
(25=35) m-f sand, SM

Gray brown, mod. comp.ggravelly
(29-35) silty (20-30) sand,

SM, w/cobbles

C‘vray brown, comp., silty 23
sandy :38 gravel, GM, w/cobbles,
Dyo ¥ 0,028

Gray brown, modo COMPpoy
gravelly (25-35) silt.y (20-30)
sand, SM, w/cobbles and
mieaceous decomposed gravel
Brown, comp,, s8ilty, (15-25)
sandy (30-40) gravel, GM,
w/cobbles & decompbsed cobbles
Gray, mod. comp., gravelly 1k
silty 22 sand, SM, w/co‘obles

Dlo b 00037

Gray, mod. compo, silty (25-50)
f, sand, sM

Gray, mod, comp., silty (15-25)
sandy (30=h0) gravel, GM'

Gray, mod, Gomp., siightly
gtratified silty 29 I sand,
SM, D = (0,03

(.‘r:i:"ay'9 Bod, compre, silty (15-25)
sancbr,, (25«-35) gravels GM

D27



FD=52 Continued
3347 = 35.0!
35,01 =~ 38,00

38,0t = 108!

40,8 ~ L42,0"
hZGO' - hS.O'

,-IS.QO' "‘hBoO'
1840t = 59,3!

59,31

FD-53

0.0!
1.1t

1.8¢
2.5'

7461

9451

Elev. 5h6,7

1.1t
1.8¢

g
7,61

945!

16,00

16,0 = 21,07

2100' b '2500'

Gray, comp., s:thy (25=35)
‘#3 sand, SM

Gray, comp, Silty 1l mef
sand SP=5MN, w/cobbles

Dy, = 007

Gray, comp.,.gravelly (15-25)
sil'by (5=15) -n=f sand SP-SY,

. wicobbles

Gray, COmpa, stmat.ified
silty (25=50) ¥ ‘sand, M
Gray, comp., gravelly 18
silty 311 F. sand, SM; w/cob-
bless 16 s 00033

Gray, v GOMpo, s:.l‘by (25=-50)
T, sand, SM

Gray, comps, gravelly 19
silty 33 m-f sand, SM, w/cob-
-bles & decomposed ¢obbles,
Till, D 0,041 -

Refusal

Topsoil .
Brown, loose, m],ty (10-20)
sand, SM .
Brown, loose, silty (20-30)

~ fo sand, SM

Brown, comp., gravelly L
8ilty h9 to (30-b0) m=f sand,
SY,, w/cobbles Dy, = 0,0088
Brown, ¢omp., gravelly 18
silty 35 maf sand, SM,

= 00016
G}gy brown, comp., gravelly
(10=20) silty (30=10) m-f
sand, SM .
Gray, COmpe, slightly mica~
cecus gravelly 9 silty 15°
m=f. sand, SM, DlO s 0,06

Gray comp, tO Ve COMPa,

- 8ilty (10=-25) i, sapd, SM,

w/1/4® to 2" strata of ‘sandy

©osilt, ML

D=28



" “FD<53 Continued

25,0t & 28,2¢ Gray, comp. gravelly 25
-‘ silty 17 gand, SM, Dy, =
00058 #
28421 = 31,4t .Gray, comp., sandy (fine)
' h2 silt, ML, Dy, = 0,02
3Lt - 36,07 Gray, v.cdup., gravelly

(25-35) ‘wilty” (10-20)sand,
: SM, w/cobbles & boulders
3640' - L3,0! Gray, comp, t0 Ve GOMp,,
' gravelly (10-20) to 23
silty 29 mof sand SN,
‘Ww/cobbles & boulders, Till,
Dl@ = 00017 '

h3.ov = h9.0t Gray, comp. to v, COMPo
» gravelly (10-20) silty
(35=L5) m~f sand, 9N,
w/cobbles & boulders, Till

49.0! = 50,0! Gray, comp., silty L6 m-f
sand SM, Till, D, = 0,0052
50,08 - Bottom of exploration
FDw5L ElBV. 57105
040! = 1,0t Topsoil ,
1.0 = 5,0° Brown, loose to mod, comp.,

gravelly 4O silty 11 sand,
SPSM, w/cobbles, Dyg = 0.07

700" Brown, comp., silty (10=20)
dapa, SM

7+0% = 10,0¢ Brém;i, comp, y gravelly 1L

' '8ilty 1k sand, SM, w/cobbles

Dy = 0,05 _

10,0t = 16,07 Brown, comp., gravelly (20=30)
' | ' silty (15«25) sand, SM, w/cob-
_ bles & decomposed cobbles
16,01 = 18,0! Gray, V.comp., silty (25-50)
- £, sand, SM, w/cobbles
18,0' = 24,0! Gray, V. comps., gravelly 15
silty 13 sand, SM, w/cobbles,
Dyg = 0,055  °
24,07 - 29,5 - Gray, Ve comp,, stratified,
silty 37 £, sand, SN,
DlO = 0,03

5.0t

D29



FD~5h continued
‘2905‘ - hboé?

4046" = 50.0?

50,0!
FD=55 ' Elev. 456,2
0401 = 0,5!
0.5t & 2,57
- 500'

265"
5.0! - 20,0¢
1o.é' -'-15.09
15,0 = 2040°

2?;0' - 3100'
31.0* = 35.0!

35,0' = 36,51
3605' bl 3ﬁo9'
360?'.”-h000'

thO"- h300i

43,0t - 55,0!

Grays Vo compog gravelly 38
silty 16 sand, SM, w/cobbles,

Dl@ = 0,049
Stratified gray, comp.,

-gravellv 19 silty 3k Sand. sM,

snty {25-50) f.%and, SM,
%%o % exploration

Forest debris

. Topsoil-

Brown, loose, gravelly

'§20’h30) s:l.lty (20==-30) saﬁd,

M 'w/roots
Brown mod. comp,., gravelly
(25m35) silty (5=15) sand,

_ SP.SM

Gray brown, mod, comp., -
gravelly 19 silty 8 sand,

SP=SMy Dyg = 01l

Gray brown, comp,,; gravelly
(10:»20) 8ilty (10=20) sand,,

Gray' brown COMP. gravelly
36 silty lﬂ sand, SM, w/cob~
‘bles & decomposed cobbles,

Dig = 0,05

Gray brown, loose to mod.

. oonpey gravelly Ll silty 11

sand, SP-SM; w/decsomposed
cobbles.

Gray, mod. comp., gravelly
42 8ilty 13 sand, SM

Gray, stiff, sandy, clay, CL
Gray, mod, comp., gravelly
(15-25) silty (10-20) et
sand, SM

Gray brown, comp., silty 12
sandy 37 gravel, GM, w/cob=
bles & decomposed cobbles,
Dlo = GQOSh

Gray, comp., gravelly 18 to .

(0=10) silty 37 sand, SM, .
Till, w/cobbles, Dy, = 0‘,0078:.

not;-piaﬂ’%&

De30



FD«55 dontinued

5540t = 56,01 Gray, comp., silty (20=30)
‘ sandy (25-35) gravel, GN,
5640" = 60,81 Gray, comp., gravelly (0-10)

4o (10-20) silty  (30-L0) to
© (25#35) mef sand, SM, Till,

w/cobbles .
60,81 - | Top of bedreck
FD=56 Elev, 561.2
0.0t = 0.8? . Topsoil
0,81 « 1.8 Brown, . loose, grave
(10-20) silty (25<35) mef
: - sand, SM, w/roots :
1.8 = 3,00 Brown, loose, sandy (f.20-30)
| _ silt, ML
3.0 = L.o' Brown, mod. comp., silty
(30=40) m=f sand, SM
L0 = 9.0t Brown, comp., grave 26
' _ #ilty 1k sand, SM, 'v]jgobbles,
Dig = 0,056 - S
9.0t = 106t ~ Gray brown, gomip,, gravelly
| (25-35) silty. (15=25) sand,
SM, w/cobbles - '
10.6' « 14,0t . Brown, comp., gravelly (10-20)
to 28 silty 20 sand, SM,
| .Dyg = 0a0kL :
14,0t - 15,0¢ ' Brown, somps., -8iliy (15=25)
- sand, SM
15.0' = 16,0¢ Brown, v.comp., gravelly
(10-20) silty (25-35) ¥. sand,
. SM - ‘ :
16.0' = 19,0! Brown, v, comp., gravelly

(20-30) silty (10-20) m=f sand,
8M, w/cobbles R
19,0t = 30,57 Gray, comp. t0 Ve Gomp.,
slightly stratified, silty
37-38 £, sand, SM, w/strate
of (a) silty (15-25) sand,
SM, from 25.,0° to 25,7
{b) gravelly (10=20) silty
(25=35) m-f sand, SM
From 26,7 to 27,0° Dyy = 0,027
b= 10964

D31



FD-56 Continued
3065'.-_3h09'

34,01 = 37,91

IMait = 3.3
3893' - hloO'

hloO' - hheO’

Lhia0" = 15,01
4540t « 47,0t
L7,0* ~ 50.0!
50,01 -
FDuS7 Elev. 570.0

0.0" = 1.3t
’ 1.3' - 'SaOf{

L]

s,ot 17,51

17:5% = 21,01

219@' - Bloot
310" = 39,0

_ 3?!0‘ - hzoo'

Gray, comp.; gravelly (15-25)
silty (20-30)7# sand, SM, °
w/cobbles '

Gray, comp., gravelly 3L silty
6 sand; SP-SM, w/cobbles,

|D=10 = 0.1k - "

Gray, mod. comp., silty
(25-50) £, sand, SM

'‘Gray, comp., silty (15-25)

sandy (¥. 25-35) gravel, GM,
w/cobbles |

. Gray, comp., silty 10 sandy

Ll gravel, GP-GM, w/cobbles,
Dyg=0ex

Gray, V. comp., silty (5-15)
sand, SP=SM '

Gray, v.comp.s silty (5-15)
sandy (29-35) gravel, GP-GM
Gray, vo.comp., gravelly 37
silty 15 sand, SM, Till
Bottom of exploration

Topseil : _
Brown, mod. comp,., gravelly
(25-35) silty (25-35) mef
sand, SM, w/cobbles
Brown, comp., gravelly 39
silty 15 sand, SM, w/cob=
bies, D,y = 0,049

Gray brown, v. comp., gravelly
(10-20) silty (20=30) m=f

- sand, SM w/cobbles & boulders

Brown, comp., to v. comp.,
silty Ll £, sand, SM Dy, =

00025 Elm 10608
Gray, comp, %o v, comp., silty
(25<50) £, sand, SM, w/occasional

811t strata up to'l/2% thick

7= 11,5 . o
Gray brown, comp. to v, comp,,
gilty 9 £ sand, SP-SM and _

- silty (25-50) ¥. sand, SM

D-32



FD-57 Continued
12,01 = 45,01
15.0° - 17,0
h?.()l hd h-'900'

1i9.,01 ~- 50408

50,01 -

D=33

Lfﬁ sand “SM
. Gray, Vo comp,, silty l‘?,sand

:Gray ‘v. eompo gravelly
(1S-=25 ) silty (20-30) m~f sand,

Gray‘9 vo GOmPo g 311ty (25-50)
SM, Dy = 0,05

Gray, Ve compe, silty 20, mef
sand; SM, Dy, = 0,04

Bottom of qxploration



FIb

0.0?

b Q5!
206'

.8.0°

FI=5
040!
03¢

2,91

8.0t

FT-6

0.0¢

0.31

301

13,07

0,0

Oy
2,91

12,01

Elev, 57;.&

0.5!
2,61

8‘ 0'0'.

Elev, 573.9

De3*
269"

8,01

Elev. U97.L

0.3t
3.0

13,01

Elev, 508ah

Ouls?
2,0° .

12,00

Topsoil w/roots o
Brown, loose, gravelly (10-20)
silty (20=30) sand, SM, -
w/roots , o

Gray brown, mods comp.,
gravelly 32 silty 3L sanff, sM,
w/cobbles & boulders,

Dio = 0@018 )

- Top of bedrock

-

Topsoil w/réots : :
Brown, loose, gravelly (10-20)
silty (20-30) sand, SM,

Ww/roots o

Gray brown, mods comp., gravelly
21 silty 2f1 sand, SM, w/cobble

& boulders DlO = 0,028 '

Top of;q:irobable bedrock

Topsoil w/roots

Brown, loose, sandy

(m=f 30-h0) silt, ML, w/roots
Gray brown, loose, gravelly

39 silty 20 sand, SM/ w/cobbles
& boulders, D__ = 0,031

Bottom of expigration

Topsoil w/roots

Brown,-loose, silty (25-35)

m-f sand, SM, w/roots &
boulders . . N
Gray brown, mod. Gomp., gravelly
Lo silty 15 sand, SM, w/cobbles
& boulders; Dy = 0,043

" Bottom of éxploration

D=3l



FT8
0.0!
0ul!

2.9t

11,0t

13,0t

0,01

0e51

5.8

1Q.0"
FI=10

ﬁob' |
C.7¢

6,0!

o

1001

0,01
;“'"O'Oh'

505¢

740'

i

Elev, h?hoé

0,k
2,91

11.0!

13,07

Elev, hh1,.3

0.,5

Bo8t

100"

. ':.E;levo hll2o2

0.7
60!

10,07

Elev, 138.3

Ouls
5e51

To0'

Topsoil w/rdots
Brown, looses silty (25-135)
mef. sands SM

" Birown, ' mod, comp ., Sandy

47 gravel, GP, w/boulders

& cobbles, D]_0 = 0,29

Gray brown, mod, comp. s

- 8ilty '12 sandy Lo gravel,

GPmGM wfbou;l,ders & cobbles,
- OoO? '

‘ B%Qtom of exploration

Topsoil w/roots

Brown, loose, 8ilty 29 mef

sand, SM, w/boulders &

cobbles ;
compo, 8ilty. 7 sandy

hgogx\avel 5. GP»GMs w/boulders

& cobbles,, 1o = Qold

Bottom of exploration
Ly . . ]

Topaoil w/roots
Browm, . loose, silty (25-35)

‘mef’ sand, SM, w/roots, cobbles

& ‘oulders

' Brown, comp., silty 13 sandy

37 gravel, GM, w/boulders &
cobbles 1310 = 0,054

'Bpttom of exploration

Topsoil w/roots

‘Brown loose. silty (5-I5)

m=f Band (SP-SM), w/roots;
organics, boulders & cobbles
Brown, comp,., gravelly L8

8ilty 6 sand, SP-SM, w/boulders,
§: cobbles DlO = 0,13

Probable top of bedrock

D=35



Fl=12

0,0!

005!

3.0!

6,01

| Elevs L52.L

0,51
3.0f

6,01

Topsoil

. Iight gray, mod. comp.,

' 'sandy (¥ine 20-30) silt, M,
w/cobbles & boulders '
Brown, mod, comp., silty
(15-25) sandy (25-35) gravel,

_ GM, w/cobbles & boulders
Refusal, probable bedrock

D36



ED=-10 . Blev, 695.5

040! = 046!
0.6' = 5.0

.5.'0" = 10,0

10,0 = 20,0*

20,0 = 30.0'

30,01 = LQ,0¢
j. Moo‘ L] h600"

-t

46,01 = 60,01

60.0.' = 65401

65.0' - 70.01

Topsoil '

Gray browm, modo comp.

gravelly (10-20) s:thy (25-38)

sand, SMy Till, W; = 11.5

Gray brcwns COMPe 5 gravelly
11 silty 45 sand, SM, Till,

;w/eobbles Wy = 12,7, 11,5

Non-Plastic = (,0052

Gray brown, cogig., , gravelly

99 13, 8 sandy, 33, 33, 38
. 811t ML-CL, T41l,

' w/ﬁo‘pgles & boulder%
Wy

! 903 llo o 12 19
Wh =% 12903 12009 12 8

I_"’ 229 PI 8 hp Dlo = 000019,
0500357 0,0017, G, = 2.80;

Gra.y br"cmrn‘9 Vo compas gravelly
(10520} to (0-10) silty clay

(h0-50) sand, SM=SC, Till, w

eubblea & boulders, W, = 8.0,

‘906 8009 Wh b 906 9099 9!!

“w-23, PL'= §
Gray ‘brown, ve comp., gravelly
23 9ilty U6 sand, SM, Till..
wfcob’oles & boulders, W, .p, ,;B,
83,1001, W, = 9.2, B.7; 1042,
I\TfanPIasti%me = 030026 o
Gy =28k ‘

‘Bray brown, v. ¢ mpo gravelly
| (13{20) tas (‘USIU? §ilty (ho~50)

sand, SM, Till, w/bvulders,

‘ wt £ 9¢0-9- 9315» Qtiy,wh !—9—029

'“9”!;9 Feb, Nen-Plastic ... . -
Gray, v.comd.. . grave;ly 20, 16

sﬁtr!ﬂr Hsanag SM, TEIL; -

et poudders; W, o Ba6;

779.1; 69 Sk 1 *8.8 9.6,

Blo w=9-=ea53~ G g 2.82

“Bray, Vo cofpey gravglly (10-20)

silty (50-50) sand, §M, Till,

- wjeobbles.

Gray, . coihg& sﬁ‘by clayey -
(38 ) san gravel, GM-GT,"
Till,: n[qohble Wy = 905

D=37



BB=10 Continued
7040 = 73,3

73.3¢

0,0¢
1.1?

i YY)

8,37

20,0t

30.0¢

3L1¢

ho;o'

Flev,

Lolt
. _1.6..! |

U

8,3
- 20,0!
- 30,0
- 3101-"
= Lo.or

- gB.01

731.1

Ti1i, w/@obbles W

Gray; Y. comp., gravelly

(10-20) clayey s:.lty (Lo-50)

sands, SM-5C, T:l.ll = 1002
- 10013-

Bottom of exploration

Top‘soil

Gray brown, loose s gravel

(5=15) silty (20=30) mef

Band, SM

Gray brown,, loose to m.odo GOmPo »
grayelly 7 m-f sandy

75
‘.Siltog ML:» Tillg Wn b i’-lahg ]-hoB,

# 1405, Usb, LL = 20, PI & 1
Dm = 0u0828, 0", & 2,82 °

Gray, compo, gryveily (0=10)

to 18 silty L7, 'mef sand, SM,

- 1413, w/cobbles & boulders
W, = 10,8, W, = 11,8, Nen-Flas-

‘ts.e,, D1g = Q.00L3

~ Gray,: eomps, 40V, éQ@og gravel-

1y 26, 24 silty 43, L5'sand, SM,
. 12.1, ’10.7,
h = 1301‘9 11019 lf 53 bt 21,

CPE=3 Dm w@n@% eaeeeh

GB L ?080"
Gray, Vo Gompo,. gr aV‘lly“(5=15)

+ £q-sandy (25w 3‘5‘)‘ 5 My Titky

-"Wm e y*ﬂ@,a Wh ]J-lo

'.”Gmxy;, Vo GOMpo gra elly (5»15)
"'to??sﬂty 3 +7SH, TIT,

mm? W '5"9'039 9&9‘5 -Ele B

:.;;.’ﬁ&-ar ilvﬁy %‘6,—«3220—5-: L= 21y

PR3y Dyyy
Gray,. 6émp.; gravelly (10=20)
T0723 sﬁ‘t«ywﬂayey“ﬁg“ sand,

B i 5 ders. o
_L il _969,9 w-lg ‘o‘gs _Vh 1008
38,1553, LL =22, P = U

- Dyo = 0.002

D=38



HD-11 Continued

55.0" = 60,0°
60.0t = 80,0'
80.0% - 89.0°
890;0" ""J-OQ‘OQ"

100.0' = 105,0".

105,0" = 122,11

-

BD-12" : Elev, 75Ih5fw“'

0,0% = 1 a1
162' bl 331'

3.1 = Gt

Gray, comp., gravelly (15-25)
to (5=15) silty-clayey (35-45)
-Sand,, SH:S% 311, w ?obbles,
& 12013-9 ﬂ&o99 Wh a 13033 ]
iS 6 -
Cray, compo,,, gravelly 23 to 28
silty-clayey 47 to L5 sands.
SM=8C, Till, w/cobbles‘ W_=11,9,
106k, 948, 12:6, Wy, = 12’,‘1,,,9 13,3,
1105,9 1?031’: LLE'Q PI'!6
DlO = 0, 0012 0500
Gray, v comp, ggravelly 26
silty-clayey L0 m-f sand, SM-SC,
Till, w/boilders, W, = 13,1, 9.k,
Wh 114099 1006 Dlo = 0,002 .

. Gray, Ve GOmp., gravelly (10-20)

to 23 siltvyuela
SM=-5C, Till; w,

42, m-f sand,
ulders W lwm 9,9,

9099,% # 10,3, 11,1, LL = 20 |

PI 59 Dio B 00002

Gray Yo GOMPoy silty«clayey
§~ﬁ$) m-f sand, SM-SC, Till,
-gﬂg = 809

‘ Gray,, Y, comp., gravelly 12 to

15 silty-clayey 43 to LS m-f
sand, SM-SC, Till, oy = 93,
15919 13o99 15019 h = 9093 1505
l-thg 17079 = 213 PFI1 = 59
B‘IU‘S @og%h 0.0021 -

NOTE: an? is cef from 105 to 130

o ‘Botpom oT exploration

i«&ose 5> 9iIBy (2‘5=3‘3}

*rms 'W‘;froots, -

G”ray 'ﬁrom modo acim?og gravelly
’c‘& PEIL, Wi
c.obblesg u z 13,,09 1,0,6 W, =

l’-&o9g 1h.0,- 10 = 0,026

.n»39



_]31)-12 Continued

9ult - 13,00

B0t = 15,0

15.0% = 20.0!

3546 -'hs.o"

k5.0t

Lu8.2!
BD=13

0o0)
De51

2.5¢
740!
-l

0428
10!

3,01

0,0

L8 .2

Eleve 785.5

AR

70!

EleVo 628 02
_0.2 '

107

3.0t

500?

Gray, cowps %@ s COMP, gravelly
ll silty 47 sand, SM, #ill,
= 3l 186l B85 12.5

~ = 0,0036° hjamw Gl T
G%gya Vo COMPoy silty' (35:-1;5)
sandy (15-25) gravel s GM, Till,
W, = 8.5 |
Uray, Ve COmMDs, gravelly 10
~sapdy ‘38, 8ilt, ML,Till, w/cob=
"'blﬁﬂg W = 901‘-,99 6 Wh B 9093

10,8, mm = 0,002

Oray, Vo COMpoy gravelly 11
sandy 37 sily, ML, Till, w/cobe
bles, W, 9e55 906 10,6, 8.1,

9039 _ 099 Wh & 1098 10.0, 11.1,
9075 1061, 1047, LL = 19, PI = 3,
Dl@ & 0,002 -
Gray, ve compos gravelly 16 to 11
sandy’ 33 to 35 clayey-silt, .

MI-CL, Till, w/ce’b‘blas W, = 965,
82, wh 2 969, 857, Ll = 22,,

PI 6 Dlo B 00001

‘(!;mity’:9 vu,ca;namp“9 gravelly i9 silty
clayey 49 =and, SMwSGD Ti11,
L = 2h9 PI = 79 10 = 000012

Bottom of exploration

Topsoil

‘ Gray brown ,ﬂsloosq sandy

(mef, 35=h5) ailt, ML,w/roots
Gray brewn, mod, comp., gravelly
(10=20) . silty (30-L0) m=f 'sand,

- SM; ™11

Top of bedrock .

Forest li'bter

Topsoil .

Brown, soft, sandy (m=f 25.35)
831t ML, w/roots

Gray brown, mod, comp., silty
{20-30) sand;r (25=3%) gravel,
GM, Till, W, = 1h.9, Wy = 17.0

D=ho



BD=1h Gan‘t:ﬁmedf )

500,"-' o ’15.0‘

15.0!

25,0t = 40,01

hgiar

0.0 ' 0.8¢

207 = T5,0r
5.0t =TT

7.2t = 15,01
15,0t = 20,0°¢
20,01 = 25,07

25,0t & 28,01 _

28,0t =35eTT

2500'-~

ﬁ' . &
=Tl E?‘z_ngIg? e

Gray brown, mod, comp,,
gPavelly I3 to Lhiim-f séndy

U BIL%te B53:gTYt; Mh, Till, w/eces

- counles; Ty = T,005, 0,0025,
W ol 130_13 03; h - Iﬁo‘s
055 1L & 21, 22; PI = 2 3,
Grays mod.comp. ;  gravel 25
- 8ilty-tlayey HT; sand;-SHSC;.
P43 w/etssvebbtes, Dlo = 0.0017,
Wy, =: 1006 IL.6; W, = 13 6, 12.3,
Eem el o
rasr med,. ceng, ocomp.,, grave -
1y 2k,

si‘.t‘by’ ETayey " suand
T:t]:};, u“/fae o.cobbles; Dig = EL. 8

H 13":8'68 29 9019 Wh = 10005 ol,
283w e, BT e )
. Bpttem of Exploration

. To oil

Tray,. Ioase, . sandy (f.}Uth) s:.lt
ML, w/organics
Gray brown modoeompwsﬂty (10-20)
sandy. {30~ fm) gravel, GM; Till
_ Gray. "bmwn, mod,comp., glayelly -
{Ios2ay; S:tl‘by ( ZQmBU) m—f ‘sand, SM,
“TIIL; w/cobbles .
"Gray trewn,. - Imods “comp,; avelly
139 sil:by’ Ly m=t™ sanda oM, Till,

1 . a1 'd;GI"Bp . 0 ? OuOOﬁz
W, = I§.75 22,0,

Gray; ‘comps, si“},ty 32"m+f Bandy 27
“gravel, UM, TiIl,’ éﬁbﬁlei,

Djg = 05008, W = 1350, W =13,7,
I =71y g
Gmaafs gompo > g;"atvé'l'ly “18— Bilty- -

~Wfeotites D P8

ey W 5 9,%? YPCIL & 21, PIes
Grayy cempog -Silty €35=L5) m-2

' 5 BN TITE w)‘co‘ﬁ‘t;les,lwii‘-
1050, Wi, = 10:8 S
" Ordy, comp., gravelly-7-siIty L2

-met-sand; -8 PEEL; —w/tebbles & -
_ bw:i,derqs Dig = 0:006, W, = 10.6,.

902 W.‘h 21303, 1067, NonmPlastie_

Dall, | ‘



BD<15 Continued
35.7' - ]‘-I.O»Oi

1;0»0'
BDe-lé Ele'Vo 7701
O'olotj - o&-'

00&' - 500'
540! = 20,0t
100" = 16,0°.
16,0*. = 20,0

20,07 = 29,21

2902' - 3200; |
‘_32'.0.'_ " hO-O.'

10,0 « 18,0t

L8401 = 1Bt
b8t = 53,1

| '11.9 = 10,50 11,1,

G]’,"ayg ecympog gravelly 12
., clayey, 811ty 43 sand,

i SM-5G, Till,. w/c@hbles

" Dygin 0,003, W = 8.7
10 9. 9 .
W, %943, 1L's 22, PL ='S

' Batt;@m of explmration

Topsoil _

Gray brown, loose te med.
eomp.; silty (30-L0) m=f
sand, SM

LGray brown, mod. comp.,,
gilty 38 mef sandy 29 gravel,

GH Till, w/cobbles,

= 0,0095, Non-Plastic
G%ay mod, c;emp.,,, grave

‘. (oum) 811ty (35=hS) maf’
samg sms ML, W s 1149,

12,3
‘G%&aya mode eompo; gravelly
10 mef’ samdy 33 silt, ML,
Tillg 15 © 0.0012,
"7 = ?o W, = aoh
G::"::Ly9 c;ompas gravelly

"'_',(10-20) silty: (35=-h5) tef

‘sand, SM, - Tillg = 942y Jol,
Wh = 9639
Gray, eompo 5 silt,y (30-440)
m-f sand,' SM, Till, w/beulders
Gray, comp.y gravelly 15 silty
hB maf sand, SM, Till,

E‘ 0000«’3 w = 1003{111'09

8
-}
Nans-Pl J A2

Gray, V. cm\{po » gravelly 16-
silty 43 m=f sand, SM, Ti1l,

Dyg ﬂg@;oogh n ® 8e5, 749,

B Foldy Co
Gﬂi&ayé, YeComp,,. siLlty {30«40)
‘mef- sand, ISM9 Tili
. Gray, v, eompo gravelly
(15=25) sil 30:4;0) mef  sand,
SM, Till, w /gmldars W, = 8.6,

Wi = 9,5
Dali2



ED-16 Centimusd

_..53._-'3-'- = 5,61 gx:;yg a}:& egmpoy silty (20=30)
51;',_6'- -~ 60,08 Gray, ngcompo,) gravelly 19

Silty Iy m=f sand, SM, 'J?Ill,
m = Be0025, W = 9,1, 8435
= 907, Foly Non=Plastic
60,0 = 65,01 -‘ G A7, Ve COMPe; gravelly 20,
- - siltty 38 mef sism{i‘9 SM, Till,
D Dyg = 000U, W = 7.9, 45%
= 90@9 1005 e
G%a s Ve COMPoy gravelly
(10420!) silty: (25=35) m-f
, aam;d,, SM9 Til1,
67401 « 73,0! - Gray, Vo comp.; gravelly
. (1.0-=20) silty (35-115) m-f
sand,, SH, '\['ill9 v/beulders,
‘ -, 7099 = 5.3
73401 = 78,5 S G@a Yo' Ve GOMmBe pgyavelly 18,
‘ : : sillty 82, mef sand, SM;" Till,
Dig = 0.0062, W, = 8,9, 9,1
W), ® 945, 103 Ryon<Plastic

65.0% = 67,09

T8e51 = 79kt - 7Gray, Yo COMDo, gravelly
‘ ' (5#15) silty, (35«-1&5) mef
- sandy SM, Tl
79k : | Bottem. of explaration
BD-17 Ele‘v 74748
0.8 = 007 t , Tﬂpﬁ@il : ‘
07" = 2471 ~ Gray brown, loose, silty
(30=40) m=f sand, SM, w/roets

2,7 - 10,01 . Gray brown, med. comp. teo-
- sompe; gravelly 31 silty 2
sand, Mﬁ Till,, = ot
W, = 18 2} 1, None
: , P.Lastﬁ.e :
10.0% = 20.0! . Gray browng mod. comp. . gravelly
: ) 16 silty L2 m=-f sard, SM, Till,
| » | Dy = 0.0060. Wy = 13,1, W), = 130
120,01 « 25,01 Gray brown, c@mpog gravelly,
S - (10=20) silty (30-40) m=f sand,
;SMS Tills 'E 848 Wh 9e2

25,01 « 38,84 " Gray browns oomp., gravelly
T~ a ' 17 to 9 silty 36 te 37 mf
sandy SMy Till, D%o = 0,01k,
00079 Wn = 865,9 0y 9 9.6
Wi, = 901, 8013 10079 Non-Plastic

Dali3



BD17 Qon‘bi‘m;ed

38,81

o
B

ED-16
'DQO'
Lo

3,61
5.0

10,0

: ]5_.2!,
2050

, 2047

- h3.08

551

‘Elev. 653
- 1:‘8.3 :
3.6¢

- 500'

10,0%.
- 15,21

- 20.0'
-‘?BOT'
« 25,07

2500"

m-19
0,0"
1kt

8,0

15.0°

‘ Elev, héoﬁ

L
800!

- 15,07

20,01

- he?, 15,7,

Brown; comp, gravelly 10
silty 36 micaceous m=f sand,
Sl TiLl, Pag = 0:016, Wy = -
bo? Wi =713, 1762
Weatherad & decomposed reck

" Pop of bedrock. !

Brown, ' lsess, sandy (f. 30:-340)
gilbt, ML, w/roots
- Brown, mod, ¢omp., silty
_(ZSéjg)rfe aahgg‘éﬁ
Brewn, mod. comp,, sandy

 (25+35) gravel, GP

Brown, mod. comp., gravelly.
bl gilty 11 sand, SP.SM
Brown, loose, gravelly 27
Bilty 9 sand, SP-SM,

DIO = 0,088

. Gray ‘brown, loose, sandy

(£o 20-30) silt, ML
_.Gray brewn, loose, silty
élgazg)?fq g;ndsfsn, 11y
T8y brown, leese, gravell
(10-20) 8ilty’ (5-15) maf
sand, SP«SHM w/cebblss
Bottem of exploration

Tepaoil \ ; ‘
Brown, comp., silty 8 sandy

3k gravel, GPGM, w/cobbles,
D-IQ‘- & (309

Brown, cemp,, varisble grave
(25-35) to (20-30) silty (10-20)
to (15=25) sand, SM, w/cobbles

- Brown, mod., comp., silty 12
sandy 39 gravel, (M, w/cobbles

Dby



BD=19 Continued

20,0' ) 25._0"

25,01
BD-20
0,0

0.3
Lokt

‘ 10,07

20,0t

25.91.

- BD-21

0.0!
. 2,01

5.0t
11.3!

20,0t

w2

00!
Vel

’ 3.0'

[N

Elev, L4584

0,31
l.ht

10,01
20,0°

25,01

Elev, 455+

2,0°

' 5«0t

11.3¢
20,01

3,07
5.0¢

Elev, .hSB_t :
oy

Brown, wede Gomp. s gravell;

26 silty 7 sand, SP-SM, w/cob-

Hies, D, = 0,094
Bottem of exploration

Topsoil ,
' Brewn, leoose, gravelly (0=10)

silty (30-40) f. sand, SM,
w/reets | .
Gray brown, mod. comp., =ilty
10 sandy 37 gravel, GP-GM,
w/cobbles, D, = 0,007h

. .Brewn, mod. cémp,, gravelly

33 silty 11 sand, SP-SM,

. w/cobbles & decomposed gravel
. Gray brown, mod. comp.,
gravelly (25-35) silty (15-25)

sand, SM _
Botten =§f éxploratj.on

Dark brown, soft, sandy,
(f, 20-30) organi¢ silt, OL
Gray, loese, silty (30-h0)
nmef ‘sand, SM, w.layers of

. 8ilb, ML, i1/2® w 1%
Brown, mod. comp,, silty 12

sandy 36 gravel, GM, w/cobbles

. Brown gray, comp., silty .

(15-25). sandy (30-40) gravel,
GM, Till, w/cobbles .
Bottem of expleration

Topsoil

Brown, loose, silty (20-30)
f, sand, SM '

Brewn, mod. comp.; silty
(5-15) sandy (25-35) gravel,
GP=GM, w/cobbles

Dali®



B=22 Contimued

5.0 = 10,0!
10,0t = 1h,3'
13t = 27,01

17.0' l" 2500'

25,01

BD-23  Elev. Lli5+
0.0' « 5.6 “
5.6t = 15,01

1500" - '2006’
200 - 2501

- 25,0¢

BD-Zh Eleve 465+

‘0.0’ - 13t
1.3" = 3.2

3021 = 9.6!

9461 = 10,0¢

Brown, loose, silty l sandy
30 gravel, GP, w/cobbles,
DlOl = 002

Brown, looses silty 11
sandy 42 gravel, GP-GHB
w/cobbles

Brown, mod. ¢omp., gravelly
6 silty 28 m-f sand, SM

- Brwng mod, cCOmp, silty 8

sandy 30 gravel, GP-GM,
w/cebbles & decomposed gravel,
Dip. = 0509 .

Bottom ‘of exploration

Brown, loose, sn.lty 20 mef
sand, SM |

Brown, deo compo, s:i.lty 8
sandy 37 gravel, GP«GM,

w/cebbles & weathered cobbles,

Dl@ = () 0091

“Brown, loeose, silty 11 sandy

36 gravel GP-GM, w/cebtbles

- Brown, - 100399 $ilty (5=18)

sandy (30-li0) gravel, GP«OM,
w/weathered gravel & cobbles
& 1/2® layer silty (3o~h0)
f, sand, SM

Bottom of -éxploration

Tapsoil

Brown, loose, silty (10»25 )

fo sa.nd SM

Brown, mod. comp., silty 5
sandy 38 gravel, GP, w, cobbles,
Do = 0:19

Brown, mod, comp., gravelly
(20-30) silty (1o=20) sand, SM
Brown, mod. comp., silty 5
sandy 42 gravel, GW-GM, w/cob-

blesy Dyg = Oel7

D6



BD=2) G"bntit_nued

13014-‘ - 1500'

15.0t = 16,2¢

16,21

19,51
BD-25

0.0*
0661

2.3
5,01
Se61
91!
Faltt
9u6"

BD-26

G0

1.8¢
540!

100"
11,1

19.51

Elev, 467+

0467
2,31

S.0!
5a6!
Salt

9ol
9461

Elev, Li70#

1.8
5,0t

10,07

11.1¢

Brm-m, mod, eomp, silty
(15=25) sandy (30=-h0) gravel,
GM, Till .

Gray browng mod., comp.
gravelly (25=35) silty (15-25)
sand, SM, Till

Brown, gray, mod. comp., silty
(25=35) f. sand, SM, w/rock
fragments

Refusal

Tepsoil

Brown, loose, silty (25=35)
fo sand, SM

Brown, loose, silty (10-20)
fo Sandg SM .

Brewn, - 1ooses silty (30-h0)
fo. sand, SM

‘Brown, mod. COMP., siity

(10==20) sandy (30-1;0) gravel,
GM

Brown comp.,9 gravelly (20=30)
silty (15=25) sand, SM, Till
Reck fragments w/silty sand,
SM .

Refysal

‘I’opsoil

Brown, loose, s:i,lty (20-h0)
te (10-20) f. sand, SM

Gray brown; ‘mod, compo, silty

(18-25) sandy (3040) gravel,

GM, Till, w weathered cobbles
and. layera of sil‘t & clay te
i/

Dark brown, laose, micaceous
silty (25-35) £, sand, SM
Bot,tem of exploration )

D=l7



BD=27
0.0!

.1;1;'!
T8

10.0!

15,0°

25.0¢
BD-28

0,0¢

5.,0"

G

831

1.2t
B-29

0,01

3.7

11,01

20,0!

" Elev L6T+

- Lyt
- 7.0.8‘

- 10,01

= 15.0'

- 25,0°

?Elevo h70;';

- 5,0¢

= Gt
= 83!

Y

Elev, 472+

- 3,71
- ‘11'.0'

- 20,0

Dark browng loose, silty

roots & organics

Brewn, moed, comp., gravelly
27 silty 8 sand, SP=SM
w/cobbles, Dig = 0.l -
Breown, comp., gravelly
(20-30) silty, (5-15) sand,
SP=8M, w/weathered cebbles
Brown, mpd, comp,, silty
11 sandy 4l gravel, GW-GM
Brown, loose, silty (15-25)
fo sand, SM, w/occasional 1%
strata of 2ilt, ML

Bottom ef exploration

Dark gray, loose, sandy

(fo 30:h0) silt, ML, w/reots,
organics and mica '
Dark gray, mod. comp., sandy
(€. 30-h0} silt, ap, ©

Browm, comp,, silty (5-15)

- sandy (30-40) gravel, GP-GM,

w/cebbles

Gray brawn, comp., silty (8)

sandy (28) gravel, GP-GM,
w/cobbles, Dyq = 0,1

Refusal

Browa, leese, silty (25-L0)

‘mef sand, SM w/tupf, repts

and organics . =

Gray brown, loecse to mod,
sompe, ‘Silty 5 sandy 31
gravel, .GP<GM, DZI.O = 002
Brewn gray, compz to___m)ad.
comp,., grave 20-30) silty
(w.e%ﬁmléi,_ 411, w/frig-
ments of dgcofipesed rock from
Bettom of ¢xpleratien

Dl



BD«30

0,01

" 0.5

2,67
3.8¢

5,31

=31

0,0"
Okt

30
50!
'50’7'
6421
13.5¢

181
15,01

18.0 !

Elev, 4882
ek
3.81
hohs
5¢3¢

Elev..k90+

Ouls!
L.3t

50F
SeTt

6.2'

= 13,51

- 18"

- 15,0°

= 18,0°

Topaoil - . ‘

Brewn, loose, silty (10=40)
f. sand, SM, w/roots & silt
layers . . S
Browm, loose, gravelly (20=30)
gilty (20-30) sand, SM
Brown, loose, silty (5-15)
sandy, (25-35) gravél, GP-GM
Decomposed rock & rock frag-
menta o
Refusal

Topseil

Gray, loese, f, sandy (10-20)
silt, ML, w/roets. ;.

Dark gray, loose,f, sandy
(30=h0) silt, ML, w/organics
Dark gray, mod. comp., silty
(25=35) mef sand, SM, w/silt
layers ' :

Dark gray, mod, comp., sandy
(£..30=40) silt, ML

ms. mod . c@:mp::; silty

8 to 6 sandy 36=39 gravel,
GP=GM & GW<GM, D, * O.l, 0,15

. . Gray, comp., santy (f.30=40)

silt, ML, w/weathered schist
fragmentg™ . ‘

_ Brown, silty (15-25) sandy

(25=35) gravel, GM .
Gray, comp., silty (20-30}

. sandy (25-35) gravel, SM,
' Till, -w/wegthered schist .

fragments -
Bottem of exploration

- Dubi9



BT=3

| Elev. hEé o2

Elev, '1-‘59";6

. Eleve 690+

8.51

: Oq(j' - 05'
065 « 3alit
. 3°hs, 11,'!4'
REEUPRTES
15501
B
:‘ 000' - .009’
_Oo-9' - 2.7V
2,7 - 250'
940! - ‘.12?311
12.31
M"S )
000' - _008'
CeBt = 2,2
220 -
8:_-5’. - 1006'7 
1006' 12407

12,01

Topsoil

Brown, loose, sandy (f, 30-1;0)

smg ng A\ /I"UG‘CS

Gray ‘brows, comg,, gravelly 17

silty LS m<f said, sn, T4,
,..ﬁw/nnhhles,, 1«‘1“.];!g 130?9 L= 15,1,
lo = 0000’-"49
d = 120

Gray,{ comp.y g qully 20 silty
- h9-send;: M, Till, w/cebbles,

W =120, Wi 1ﬂ L =21,

PI = 3, nl;(;)so, 25, ¥, = 126

Bottom of explor’a ion

Topaoil
Brown, 1oose,, sa?dy (£.. 5«-&5)
silt, ML
Browm; comp,, .ap.dy 29 gravel
1410 w/cobbles & ﬂaoulders,
Dloe ﬁ Q. g..
Brown, GOMPa, g:xavelly hé, sand,
- 8P, - /ebbblel & boulders s

DJ.O " OJS

Bottom of: exploration

. r

Topsoil
- Brown, 1oo§e, qilty (35-4;5)

£ Sand,

Brown, compe, qilty 10 aand,y 22
gravel, GP-GHS, w/cobblaa &
boulders, .D ma a7k

Brown, comp., gtratified, mef
sand, SPy-Dyq f C.13

Brown,, comp., gravelly 32 sand,
‘SP;. w/cobbles ; bouldera,

Dlo B 0016 g .

Bott.om of Pxplprati on

j

D50



- BI=b

0.,0!
1a3"

3,18

1106'
BT

0.0',

06
1»5'

”7.2!}

3¢3'
10,5!
Br-8.

o o"
o

2.1

RO

Py -

0;6*

2,3¢

357

LB

112!

) "Elevo h6201

= 1o3°
= 31!

- 11,67

Elevs 46843

« 0o7%
- “2;1*

- 906'

“EIev., oz

nﬁ*
- 237

- FHE

J}?ﬁ I_t-,&!;.;

- 11,21

. ‘Topsoil w/cobbles ”

rd*ng OOWOQ silty (30“’-‘0)
£, sand, SM

" Browm, ocomp,,, sandy, 35,
‘gravel, GP9 w/cobbles &

boulders, D,. =0:42
Bot.tom of exploration

Topqﬁil '

Brown, loose, s:u'by (35-&5)
fo sands Ma w/roots

Brown, 'c gravelly h?
sand, SP, w/;obbles &
boulders, Dy, = 0:16,

.Gray; looae,, sandy (fina)
50 §ilt, ML -

Brown, . gra!velly 369 aﬂ,ty 9
sand; SPSH, Dy ® 0508
Bot'hom. of exploration

Topaoi} & forest debris

“Brown,"comp,, Sgndy (fo35-h5)

s{LE; MLy w/rotrts
Hz?aw; nompa, ‘gravelly 3k,

BiTH 16,8 ﬁndg SM, w]éobblas

& boulders’

“Bojtoti o prlorations

‘L'opsdil o |
“Brown,’ Iaoae, .siI‘By (35'»115)
sand BN

fo

e ade hr gravel,‘ _
; o8 DYy » JDEZJ.
Bm% % ms'f &mds«r S‘-Pss

' B:emm» comp.; Bilty 5 seddy

10 graveX gP,. w/cobbles &

© boulders, By, = 0,15

Bottom of exploration

D51



10,07
Br=11

0.0
1.7!

3,91

9.6°
BT-12

0.0

009"

2,3°

7okt

11,5

BT-13

0,01

046!

945%

BTwll

0,08

0,87
3477

10,61

Elev, 158,2
0,50
1»8t
3.9¢
10,07

Elev. 153.8

1.7°
3.9¢

9,61

Elev. LB1.k
0.9%
2-°3§

Tolit
11,5t

Elevi L79:%

046!
95!

EleVo }-ﬂ? 03

0.8¢
3470

10,67

Topsoil & forest debris
Brown, loose, sandy

(£, 35<45) silt, ML,

w/roots :

Brown, loose, silty {35=L45)
L, sand, SM

Brown, comp.; silty 7 sandy
L2 gravel, GP-GM, w/cobbles,
Do = 013 _

Bottom of exploration

‘Black, silt & swemp litter
Gray, loose, sandy .

(£, 30=40) silt, ML

Brown, comp., sandy 36 gravel,
GP, D3jg = 0.17 .

Bottom of exploration

Topsocil & forest debris

Brown, loose, gravelly

(10=20) silty {20-30) sand

SM, w/roots -

'Brown, comp., gravelly 28 sand,
SP, Dig = 0.21

Browns comp., gravelly 12 ~8ilty
27 sand, SM

Bottom of exploration

Topsoil

Brown, comp., sandy 29 gravel,

GP, w/cobbles & boulders,.
Dlo = 0.7

Bottam of exploration

Topsoil -

Brown, Ioose, silty 16 mef.

sand, SM

Brown9 comp., sandy 40, gravel,

GP, w/bobb}es & boulders,
950014

Bottom of exploration

Dag2



Br-15 Elev, h91.5

040t = 1.‘0' : ' ' TOpSOﬂ.l o
1.0' = 2,3% Brown, loose, sag;dy
: L (£..30-40) . s:il'b, ML,
: o w/roots '
2.3 = Telt Brown, ‘comp. sandy 31
39 gravel, GP, w/cobbles,
. Dlo = 00179 0el9
ToL? « 10,57 Brown, comp., silty 5
sandy 33 gravel, GP-GM, w/cob~-
. ‘blesy; Dy = 0.1)1 _
10,5* . Bottom og exploration

D53



040"

boB"

1.3
2lst
6a

6B

000"
._.U.,;61

To9T
.

0.0!

Vb

1.8¢

,30'6,:";

BA=k
0.0t -

'_30.61 '

B

ko6t

Ele_Vo 1616

= 0e3°

- 1,37

- 2

- .21

- BTV
- 608" ’

Elsv, 166,07~

- 0,61
LT

- 3

3,98

,0e6T
- ;%;,81

- 'hoé" .

BTS¢ W67 ¢

- 061
= I8

- 3.6

Blev, M72s0~

Topsoil :

Dark brown, loose, sil
(2(}”30) £, sand, SMQ OOth
Brown; loose, silty (15-25)
fs sandjW/roots

. Erowns cose, gravelly (15-25)

sand, 'SP

Brown, Togse, m-f" sand, SP
Dark brown, Igos% silty
(I5=25) T sind} SH

“Dark “byown, lﬁoses gravelly
_ éea—ao) ailty (10=20) gand,

B "‘Hole caving

' ’I'ops oII

"D”ark“broﬁn, Tooge, - silty
tese3s) T, sanag SH
‘Browh, Iposg, silty (5=15)
- meT sqriﬁ,

'”onwn, looses gravelly
;15-25) sand, SP
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